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Paqs  32.  LiNB  12. 

A  far  more  important  result  in  reference  to  the  density  of  the  earth 
than  that  obtained  by  Bally  (1842)  and  Reich  (1847—1850)  has  been 
brought  out  by  Airy's  experiments  with  the  pendulum,  conducted  with 
such  exemplary  care  in  the  Mines  of  Barton,  in  the  year  1854.  Accord- 
ing to  these  experiments,  the  density  is  6*566,  with  a  probable  error  of 
0*182  (Airy  in  the  Philos,  Transact  for  1856,  p.  342).  A  slight  modi- 
fication of  this  numerical  value,  made  by  Professor  Stokes  on  account 
of  the  effect  of  the  rotation  and  eUipticity  of  the  earth,  gives  the  den- 
sity for  Harton,  which  lies  at  54**  48'  north  latitude,  at  6*565,  and  for 
the  Equator  at  6' 489. 

Page  76.  Link  10. 

Arago  has  left  behind  him  a  treasury  of  magnetical  observations 
(upwards  of  62,600  in  number)  carried  on  from  1818  to  1835,  which 
have  been  carefully  edited  by  M.  Fedor  Thoman,  and  published  in  the 
(Euvres  ComjplHea  de  Francois  Arago  (t.  iv,  p.  498).  In  these  observa- 
tions, for  the  series  of  years  from  1821  to  1830,  Qeneral  Sabine  has 
discovered  the  most  complete  confirmation  of  the  decennial  period  of 
magnetic  declination,  and  its  correspondence  with  the  same  period, 'in 
the  alternate  frequency  and  rarity  of  the  solar  spots  {Meteorological 
Essays,  London,  1855,  p.  350).  So  early  as  the  year  1850,  when  Schwabe 
published  at  Dessau  his  notices  of  the  periodical  return  of  the  solar 
spots  {Cosmos,  vol.  iv,  p.  397),  two  years  before  Sabine  first  showed  the 
decennial  period  of  magnetic  declination  to  be  dependent  on  the  solar 
spots  (in  March,  1862,  Phil  Tr.  for  1852,  p.  i,  pp.  116—121 ;  Cosmos, 
vol.  V,  p.  76,  note),  the  latter  had  already  discovered  the  Important 
result,  that  the  sun  operates  on  the  earth's  magnetism  by  the  magnetic 
power  proper  to  its  mass.  He  had  discovered  {PhiL  Tr.  for  1850,  p.  i, 
p.  216,  Cosmos,  voL  v,  p.  140),  that  the  magnetic  intensity  is  greatest, 
and  that  the  needle  approaches  nearest  to  the  vertical  direction,  when 
the  earth  is  nearest  to  the  sun.  The  knowledge  of  such  a  magnetical 
operation  of  the  central  body  of  our  planetary  system,  not  by  its  heat- 
producing  quality,  but  by  its  own  magnetic  power,  as  weU  as  by  changes 
in  the  Photosphere  (the  size  and  frequency  of  funnel-shaped  openings), 
gives  a  higher  cosmical  interest  to  the  study  of  the  earth's  magnetism 
and  to  the  numerous  magnetic  observatories  {Cosmos,  vol.  1,  p.  184 ; 
voL  ▼,  p.  73)  now  planted  over  Russia  and  Northern  Asia,  since  the 
resolutions  of  1829,  and  over  the  colonies  of  Great  Britain  since  1840 — 
1850.  (Sabine,  in  the  Proceedings  of  the  Roy,  Soc,  vol.  viii,  No.  25,  p.  400; 
aud  in  the  Phil  Tram^fw  1856,  p.  362). 


YIU  COBBECTIONS  AND  ADDITIONS. 


Page  85.  Line  9. 

Though  the  nearness  of  the  moon  in  comparison  with  the  sun  does 
not  seem  to  compensate  the  smallness  of  her  mass,  yet  the  already  well 
ascertained  alteration  of  the  magnetic  declination  in  the  course  of  a 
limar  day,  the  Ivm^a/r-diwrnal  magn^ic  vacation  (Sabine,  in  the  Report 
to  the  Brit.  Assoc,  at  Liyerpool,  1854,  p.  11,  and  for  Hobarfc-town  in  the 
PJdL  Tr.  for  1867,  Art.  i,  p.  6),  stimulates  to  a  persevering  observation 
of  the  magnetic  influence  of  the  earth's  satellite.  Kreil  has  the  great 
merit  of  having  pursued  this  occupation  with  great  care,  from  1839 
to  1852,  (see  his  treatise  Ue^  den  Eimfiuss  des  Mondes  auf  die  hori- 
zontcde  Component  der  Magnetischen  Brdkrafi,  in  the  Deukschriften  der 
Wiener  Alsademie  der  Wiss.  Mathem.  NcUurvdss.  Classe,  vol.  v,  1853, 
p.  45,  and  Phil.  Trcms.  for  1856,  Art.  xxii).  His  observations,  which 
were  conducted  for  the  space  of  many  years,  both  at  Milan  and  Prague, 
having  given  support  to  the  opinion  that  both  the  moon  and  the  solar 
spots  occasioned  a  decennial  period  of  declination,  led  General  Sabine 
to  undertake  a  very  important  work.  He  found  that  the  exclusive  in- 
fluence of  the  sun  on  a  decennial  period,  previously  examined  in  rela- 
tion to  Toronto  in  Canada,  by  the  employment  of  a  peculiar  and  very 
exact  form  of  calculation,  may  be  recognised  in  all  the  three  elemente 
of  terrestrial  magnetism  {Phil.  Trcms.  for  1856,  p.  361),  as  shown  by 
the  abundant  testimony  of  hourly  observations  carried  on  for  a  course 
of  eiffht  years  at  Hobart  Town,  from  January  1841  to  December  1848. 
Thus  both  hemispheres  furnished  the  same  result  as  to  the  operation 
of  the  sun,  as  well  as  the  certainty  ''  that  the  lunar-diurnal  variation 
corresponding  to  different  years  shows  no  conformity  to  the  inequality 
manifested  in  those  of  the  solar- diurnal  variation.  The  earth's  induc- 
tive action,  reflected  from  the  moon,  must  be  of  a  very  little  amount." 
(Sabine,  in  the  Phil.  Tr.  for  1857,  Art.  i,  p.  7,  and  in  the  Proceedings 
of  the  Royal  Soc.  vol.  viii.  No.  20,  p.  404).  The  magnetic  portion  of 
this  volimie  having  been  printed  almost  three  years  ago,  it  seemed 
especially  necessary,  with  reference  to  a  subject  which  has  so  long 
been  a  favourite  one  with  me,  that  I  should  supply  what  was  wanting 
by  some  additional  remarks. 


INTRODUCTION. 


SPECIAL  RESULTS  OF  OBSERVATION  IN  THE  DOMAIN 

OP  TELLURIC  PHENOMENA. 

In  a  work  embracing  so  wide  a  field  as  the  Cosmos,  wHicb 
aims  at  oombining  perspicuous  comprebensibilitj  witb  general 
clearness,  tbe  composition  and  co-ordination  oi  tbe  wbole 
are  perbaps  of  greater  importance  tban  copiousness  of  detail. 
Tbis  mode  of  treating  tbe  subject  becomes  tbe  more  desirable 
because,  in  tbe  Book  of  Nature,  tbe  generalization  of  views, 
botb  in  reference  to  tbe  objectivity  of  external  phenomena 
and  tbe  reflection  of  tbe  aspects  of  nature  upon  tbe  imagination 
and  feelings  of  man,  must  be  carefully  separated  from  tbe 
enumeration  of  individual  results.  Tbe  first  two  volumes  of 
tbe  Cosmos  were  devoted  to  tbis  kind  of  generalization,  in 
wbicb  tbe  contemplation  of  tbe  Universe  was  considered  as 
one  great  natural  wbole,  wbile  at  tbe  same  time  care  was 
taken  to  sbow  bow,  in  tbe  most  widely  remote  zones,  man- 
kind bad,  in  tbe  course  of  ages,  gradually  striven  to  discover 
tbe  mutual  actions  of  natursd  forces.  Altbougb  a  great  accu* 
mulation  of  pbenomena  may  tend  to  demonstrate  tbeir  causal 
connection,  a  Ceneral  Picture  of  Nature  can  only  produce 
freah  and  vivid  impressions  when,  bounded  by  narrow  limits, 
its  perspicuity  is  not  sacrificed  to  an  excessive  aggregation 
of  crowded  feusts. 

As  in  a  collection  of  graphical  illustrations  of  tbe  surfeice 
and  of  tbe  inner  structure  of  tbe  earth's  crust,  general  maps 
precede  those  of  a  special  character,  it  has  seemed  to  me  that 
in  a  physical  description  of  the  Universe  it  would  be  most 
appropriate,  and  most  in  accordance  with  the  plan  of  the 
present  work,  if,  to  the  consideration  of  the  entire  Universe 
from  general  and  higher  points  of  view,  I  were  to  append  in 
the  latter  volumes  those  special  results  of  observation   upon 
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which  the  present  condition  of  our  knowledge  is  more  parti- 
cularly based.  These  volumes  of  my  work,  must,  therefore, 
in  accordance  with  a  remark  already  made  {GosmoSy  yoL  iii, 
pp.  2 — 6),  be  considered  merely  as  an  expansion  and  more 
careful  exposition  of  the  General  Picture  of  Nature  {Cosmos, 
ToL  i,  pp.  62 — 369),  and  as  the  uranological  or  sidereal  sphere 
f>f  the  Cosmos  was  exclusively  treated  of  in  the  two  last 
volumes,  the  present  volume  will  be  devoted  to  the  con- 
^deration  of  the  telluric  sphere.  In  this  manner  the  ancient, 
fiimple,  and  natural  separation  of  celestial  and  terrestrial 
objects  has  been  preserved,  which  we  £bid  by  the  earliest 
evidences  of  human  knowledge  to  have  prevailed  among  all 
nations.  , 

As  in  the  realms  of  space,  a  transition  to  our  own  plane- 
tary system  from  the  re^rion  of  the  fixed  stars,  illuminied  by 
iJamerable  sons,  whether  they  be  isolated  or  Circling  round 
one  another,  or  whether  they  be  mere  masses  of  remote 
nebukd,  is  indeed  to  descend  £rom  the  great  and  the  universal 
to  the  relatively  smaU  and  special ;  so  does  the  field  of  our  oon« 
templation  become  infinitely  more  contracted  when  we  pass 
from  the  collective  solar  system,  which  is  so  rich  in  varied 
forms,  to  our  own  terrestrial  spheroid,  circling  round  the 
sun.  The  distance  of  even  the  nearest  fixed  star,  a  Centauri, 
is  263  times  greater  than  the  diameter  of  our  solar  system, 
reckoned  to  l£e  aphelion  distance  of  the  comet  of  1680;  and 
yet  this  aphelion  is  853  times  further  from  the  sim  than  our 
earth  {Cosmos,  vol.  iv,  p.  546).  These  numbers,  reckoning 
the  parallax  of  a  Centauri  at  0/'9187,  determiae  approximately 
both  the  distance  of  a  near  region  of  the  starry  heavens 
from  the  supposed  extreme  solar  system  and  the  distance 
of  those  limits  from  the  earth's  place. 

Uranology,  which  embraces  the  consideration  of  all  that 
fills  the  remote  realms  of  space,  still  maintains  the  character 
it  anciently  bore,  of  impressing  the  imagination  most  deeply 
and  poweifully  by  the  incomprehensibility  of  the  relations 
of  space  and  numbers  which  it  embraces;  by  the  known 
order  and  regularity  of  the  motions  of  the  heavenly  bodies ; 
and  by  the  admiration  which  is  naturally  yielded  to  the 
results  of  observation  and  intellectual  investigation.  This 
consciousness  of  regularity  and  periodicity  was  so  early  im- 
pressed upon  the  human  mind  that  it  was  often  reflected  in 
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tiaose  forms  of  speech^  which  refer  to  the  ordained  course  of 
the  celestial  bodies.  The  known  laws  which  rule  the  celestial 
sphere  excite  perhaps  the  greatest  admiration  by  their  sim- 
pLity,  baaed^  thCy  soleFare,  upon  the  massed  distri. 
bntion  of  accumulated  ponderable  matter  and  upon  its  forces 
of  attraction.  The  impression  of  the  sublime,  when  it  arises 
from  that  which  is  immeasurable  and  physically  great,  passes 
almost  unconsciously  to  ourselves  beyond  the  mysterious 
boundary  which  connects  the  metaphysical  with  the  physi* 
cal,  and  leads  us  into  another  and  higher  sphere  of  ideas.  The 
image  of  the  immeasurable,  the  boundless,  and  the  eternal,  is 
associated  with  a  power  which  excites  within  us  a  more 
earnest  and  solemn  tone  of  feeling,  and  which,  like  the 
impi«a8ion  of  aU  that  is  spiritually  great  aad  moraUy  exalted, 
is  not  devoid  of  emotioiu 

The  effect  which  the  aspect  of  extraordinary  celestial 
phenomena  so  generally  and  simultaneously  exerts  upon 
entire  masses  of  people,  bears  witness  to  the  influence  of 
such  an  association  of  feelings.  The  impression  produced 
in  excitable  minds  by  the  mere  aspect  of  the  starry  vault 
of  heaven  is  increased  by  profounder  knowledge,  and  by 
the  use  of  those  means  which  man  has  invented  to  augment 
his  powers  of  vision^  and  at  the  same  time  enlarge  the  horizon 
of  lus  observation.  A  certain  impression  of  peace  and  calm- 
ness blends  with  the  impression  of  the  incomprehensible  in 
the  universe,  and  is  awakened  by  the  mental  conception  of 
normal  regularity  and  order.  It  takes  from  the  un&thom- 
able  depths  of  space  and  time  those  features  of  terror 
which  an  excited  imagination  is  apt  to  ascribe  to  them.  ^ 
In  all  latitudes  man,  in  the  simple  natural  susceptibility 
of  his  mind,  prizes  "  the  calm  stillness  of  a  starlit  summer 
night." 

Although  magnitude  of  space  and  mass  appertains  more 
especially  to  the  sidereal  portion  of  cosmical  delineation,  and 
the  eye  is  the  only  organ  of  cosmical  contemplation,  our 
telluric  sphere  has,  on  the  other  hand,  the  preponderating 
advantage^  of  presenting  us  with  a  greater  and  a  scientifically 
distinguishable  diversity  in  the  numerous  elementary  bodies 
of  which  it  is  composed.  All  our  senses  bring  us  in  contact 
with  terrestrial  nature,  and  while  astronomy,  which,  as  the 
knowledge  of  moving  luminous  celestial  bodies  is  most  accea- 
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sible  to  mathematical  treatment,  has  been  tHe  means  of  in- 
creasing in  tbe  most  marvelloas  manner  the  splendour  of  the 
higher  forms  of  analysis,  and  has  equally  enlarged  the  limits 
of  the  extensive  domain  of  optics ;  our  earthly  sphere,  on 
the  other  hand,  by  its  heterogeneity  of  elements,  and  by  the 
complicated  play  of  the  expressions  offeree  inherent  in  matter, 
has  formed  a  basis  for  chemistry,  and  for  all  those  branches 
of  physical  science  "which  treat  of  phenomena,  that  have  not 
as  yet  been  found  to  be  connected  "with  vibrations  generating 
heat  and  light.  Each  sphere  has,  therefore,  in  accordance 
with  the  nature  of  the  problems  which  it  presents  to  our 
investigation,  exerted  a  different  influence  on  the  intellectual 
activity  and  scientific  knowledge  of  mankind. 

All  celestial  bodies,  excepting  our  own  planet  and  the 
aerolites  which  are  attracted  by  it,  are,  to  our  conception  com- 
posed only  of  homogeneous  gravitating  matter,  without  any 
speciflc  or  so-called  elementary  difference  of  substances. 
Such  a  simple  assumption  is,  however,  not  by  any  means 
based  upon  the  inner  nature  and  constitution  of  these  remote 
celestial  orbs,  but  arises  merely  &om  the  simplicity  of  the 
hypotheses,  which  are  capable  of  explaining  and  leading  us 
tc  predict  the  movements  of  the  heavenly  bodies.  This 
idea  arises,  as  I  have  already  had  occasion  frequently  to  re- 
mark {Cosmos,  vol.  i,  pp.  44—49  and  pp.  124 — 125  ;  vol.  iii, 
pp.  2,  18,  and  22 — 28),  from  the  exclusion  of  all  recognition 
of  hetero.sjeneity  of  matter,  and  presents  us  with  the  solu- 
tion of  the  great  problem  of  celeE*ial  mechanics,  in  which 
all  that  is  variable  in  the  uranological  sphere  is  subjected  to 
the  sole  control  of  dynamical  laws. 

Periodical  alternations  of  light  upon  the  surfece  of  the 
planet  Mars  do  indeed  point,  in  accordance  with  its  different 
.seasons  of  the  year,  to  various  meteorological  processes,  and 
to  the  polar  precipitates  excited  by  cold  in  the  atmosphere  of 
that  planet,  {Cosmos y  vol.  iv,  p.  504).  Guided  by  analogies 
and  reasoning,  we  may  indeed  here  assume  the  presence  of 
ice  or  snow  (oxygen  and  hydrogen),  as  in  the  eruptive 
masses  or  the  annular  plains  of  the  moon  we  assume  the 
existence  of  different  kinds  of  rock  on  our  satellite,  but  direct 
observation  can  teach  us  nothing  in  reference  to  these  points. 
Even  Newton  ventured  only  on  conjectures  regarding  the 
elementary  constitution  of  the  planets  which  belong  to  our 
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own  solar  system,  as  we  learn  from  an  important  conversar 
tion  which  he  had  at  Kensington  with  Conduit  {Cosmos^ 
vol.  i^  p.  120).  The  uniform  image  of  homogeneous  gravi- 
tating matter  conglomerated  into  celestial  bodies  has  occu- 
pied the  fency  of  mankind  in  various  ways,  and  mythology 
has  even  linked  the  charm  of  music  to  the  voiceless  regions 
within  the  realms  of  space  {Cosmos,  vol.  iv,  pp.  431 — 434). 

Amid  the  boundless  wealth  of  chemically  varying  sub- 
stanc^s,  with  their  numberless  manifestations  of  force — amid 
the  plastic  and  creative  energy  of  the  whole  of  the  organic 
world,  and  of  many  inorganic  substances — amid  the  meta- 
^  morphosis  of  matter  which  exhibits  an  ever-active  appear- 
ance of  creation  and  annihilation,  the  human  min^  ever 
striving  to  grasp  at  order,  often  yearns  for  simple  laws  of 
motion  in  the  investigation  of  the  teiTestrial  sphere.  Even 
Aristotle  in  his  Physics  states,  %  that  "  the  fundamental  prin- 
ciples of  all  nature  are  change  and  motion ;  he  who  does  not 
recognise  this  truth  recognises  not  nature  herself"  (PAy«. 
Auscult  iii,  1  p.  200  Bekker),  and  referring  to  the  diflference 
of  matter  ("  a  diversity  in  essence  "),  he  designates  motion  in 
respect  to  its  qualitative  nature,  as  a  metamorphosis, 
aXKoiiaffi^^  very  different  from  mere  mixture,  /ufi9,  and  a 
penetration  which  does  not  exclude  the  idea  of  subsequent 
separation  {De  Oener.  et  Corrupt  i,  1  p.  327). 

The  unequal  ascent  of  fluids  in  capillary  tubes — ^the  endos- 
mosis  which  is  so  active  in  all  organic  cells,  and  is  probably  a 
consequence  of  capillarity  —  the  condensation  of  different 
kinds  of  gases  in  porous  bodies  (of  oxygen  in  spongy  plati- 
num, with  a  pressure  which  is  equal  to  a  force  of  more  than 
700  atmospheres,  and  of  carbonic  acid  in  boxwood  charcoal, 
when  more  than  one-third  is  condensed  in  a  liquid  state 
on  the  walls  of  the  cells) — the  chemical  action  of  contact- 
substances  which,  by  their  presence  occasion  or  destroy  (by 
catah/sis)  combinations  without  themselves  taking  any  part 
in  them — all  these  phenomena  teach  us  that  bodies  at  in- 
finitely small  distances  exert  an  attraction  upon  one  another, 
which  depends  upon  their  specific  natures.  We  cannot 
conceive  such  attractions  to  exist  independently  of  motions, 
which  must  be  excited  by  them  although  inappreciable  to 
our  eyes. 

We  are  still  entirely  ignorant  of  the  relations  which  red- 
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procal  molecular  attraction  as  a  cause  of  unceasing  motion  on 
the  surface,  and  very  probably  also  in  the  interior  of  the 
earth's  body,  exerts  upon  the  attraction  of  gravitation,  by 
which  the  planets  as  well  as  their  central  body  are  main- 
tained in  constant  motion.  Even  the  partial  solution  of  this 
purely  physical  problem  would  yield  the  highest  and  mo^t 
splendid  results  ^at  can  be  attained  in  these  paths  of  inquiry, 
by  the  aid  of  experimental  and  intellectual  research.  I  pur- 
posely abstain  in  these  sentences  from  associating  (as  is  comr 
monly  done)  the  name  of  Newton  with  that  law  of  attraction, 
which  rules  the  celestial  bodies  in  space  at  boundless  dia- 
tancea,  and  which  is  inversely  as  the  square  of  the  distance. 
Such  an  association  implies  almost  an  injustice  towards  the. 
memory  of  this  great  man,  who  had  recognised  both  these 
manifestations  of  force,  although  he  did  not  separate  them 
with  sufficient  distinctness,  for  we  find — as  if  in  the  felicitous 
presentiment  of  foture  discoveries — ^that  he  attempted  in  the 
Queries  to  his  Optics  to  refer  capillarity  and  the  little  that 
was  then  known  of  chemical  affinity  to  umwersal  gravitor 
tion  (Xiaplace,  iExpos,  du  Syst.  du  Monde,  p.  384.  Cosmos, 
voL  iii,  p.  23), 

As  in  the  physical  world,  more  especially  on  the  borders 
of  the  sea,  delusive  images  often  appear  which  seem  for  a. 
time  to  promise  to  the  expectant  discoverer  the  possession  of 
some  new  and  unknown  land ;  so^  on  the  ideal  horizon  of  the 
remotest  regions  of  the  world  of  thought,  the  earnest  inves- 
tigator is  often  cheered  by  many  sanguine  hopes,  which 
vanish  almost  as  quickly  as  they  have  been  formed.  Some 
of  the  splendid  disco vearies  of  modem  times  have  undoubtedly 
been  of  a  naturp  to  heighten  this  expectation.  Among  these 
we  may  instance  contact-electricity — ^magneticm  of  rotation, 
which  may  even  be  excited  by  fluids,  either  in  their  aqueous 
form  or  consolidated  into  ice — the  felicitous  attempt  of  con- 
sidering all  chemical  affinity  as  the  cozLsequence  of  the  elec- 
trical relations  of  atoms  with  a  predominating  polar  force—^ 
the  theory  of  isomoiphous  substiances  in  its  application  to  the 
fonnation  of  crystals — many  phenomena  of  the  electrical 
condition  of  living  muscular  fibre — and  lastly,  the  knowledge 
which  we  have  obtained  of  the  influence  exerted  by  the  sun's 
position,  that  is  to  say,  the  thermic  force  of  the  solar  rays^ 
upon  the  greater  or  lesser  magnetic  capacity  and  conducting 
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po^irer  of  one  of  the  constituents  of  our  atmosphere^  namely, 
oxygen.  When  light  is  unexpectedly  thrown  upon  any  pre- 
viously obscure  group  of  phenomena  in  the  physical  world, 
we  may  the  more  readily  believe  that  we  are  on  the 
threshold  of  new  discoveries,  when  we  find  that  these  rela- 
tions appear  to  be  either  obscure,  or  even  in  opposition  to 
already  established  facts.  ' 

I  have  more  particularly  adduced  examples  in  which  the 
dynamic  actions  of  attracting  forces  seem  to  show  the  course  by 
which  we  may  hope  to  approximate  towards  the  solution  of  the 
problem  of  the  original,  unchangeable,  and  hence  named  the 
elementary  heterogeneity  of  substances  (for  instance,  oxygen, 
hydrogen,  sulphur,  potassium,  phosphorus,  tin,  &c.),  and  of  the 
amount  of  their  tendency  to  combine,  in  other  words,  their  che- 
mical affinity.  Differences  of  form  and  mixture  are,  I  would 
again  repeat,  the  only  elements  of  our  knowledge  of  matter ; 
they  are  the  abstractions  under  which  we  endeavour  to  com- 
prehend the  all-moving  universe,  both  as  to  its  size  and  com- 
position. The  detonation  of  the  fulminates  under  a  slight 
mechanical  pressure,  and  the  still  more  formidable  explosion 
of  terchloride  of  nitrogen,  which  is  accompanied  by  fire, 
contrast  with  the  detonating  combination  of  chlorine  and 
hydrogen,  which  explodes  when  the  sun's  rays  fall  directly 
upon  it  (more  especially  the  violet  raysV  Metamorphosis, 
union,  and  separation  afford  evidence  of  the  eternal  circu- 
lation of  the  elements  in  inorganic  nature  no  less  than  in 
the  living  cells  of  plants  and  animals.  ''The  quantity  of 
existing  matter  remains  however  the  same,  the  elements 
alone  change  their  relative  positions  to  one  another." 

We  thus  find  a  verification  of  the  ancient  axiom  of 
Anaxagoras,  that  created  things  neither  increase  nor  de- 
crease in  the  Universe,  and  that  that  which  the  Greeks 
termed  the  destraction  of  matter  was  a  mere  separation  of 
parts.  Our  earthly  sphere,  within  which  is  comprised  all 
that  portion  of  the  organic  physical  world,  which  is  accessible 
to  our  observation,  is  apparently  a  laboratory  of  death  and 
decay ;  but  that  great  natural  process  of  slow  combustion, 
which  we  call  decay,  does  not  terminate  in  annihilation.  The 
liberated  bodies  combine  to  form  other  structures,  and  through 
the  agency  of  the  active  forces  which  are  incorporated  m 
them  a  new  life  germinates  from  the  bosom  of  the  earth. 
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RESULTS  OF  OBSERVATION  IN  THE  TELLURIC  PORTION 
OP  THE  PHYSICAL  DESCRIPTION  OF  THE  UNIVERSE. 

In  the  attempt  to  grasp  the  inexhaustible  materials 
afforded  by  the  study  of  the  physical  world — or  in  other 
words — to  group  phenomena  in  such  a  manner  as  to  facili- 
tate our  insight  into  their  causal  connection,  general  clear- 
ness and  lucidity  can  only  be  secured  where  special 
details — more  particularly  in  the  long  and  successfully 
cultivated  fields  of  observation — are  not  separated  from  the 
higher  points  of  view  of  cosmical  unity.  The  telluric 
sphere,  as  opposed  to  the  uranological,  is  separable  into 
two  portions,  namely,  the  inorganic  and  the  organic  depart- 
ments. The  former  comprises  the  size,  form,  and  density 
of  our  terrestrial  planet ;  its  internal  heat ;  its  electro-mag- 
netic activity  ;  the  mineral  constitution  of  the  earth's  crust ; 
the  reaction  of  the  interior  of  the  planet  on  its  outer  surface 
which  acts  dynamically  by  producing  earthquakes,  and  che- 
mically by  rock-forming,  and  rock-metamorphosing  processes ; 
the  partial  covering  of  the  solid  surface  by  the  liquid  ele- 
ment— the  ocean ;  the  contour  and  articulation  of  the  up- 
heaved earth  into  continents  and  islands ;  and  lastly  the 
general  external  gaseous  investment  (the  atmosphere).  The 
second  or  organic  domain  comprises  not  the  individual  forms 
of  life  which  we  have  considered  in  the  Delineation  of  Nature, 
but  the  relations  in  space  which  they  bear  to  the  solid  and 
fluid  parts  of  the  earth  s  sur&ce,  the  geography  of  plants  and 
animals,  and  the  descent  of  the  races  and  varieties  of  man 
from  one  common,  primary  stock. 

This  division  into  two  domains  belongs  to  a  certain  extent 
to  the  ancients,  who  separated  from  the  v5tal  phenomena  of 
plants  and  animals  such  material  processes  as  change  of  form 
and  the  transition  of  matter  from  one  body  to  another.  In 
the  almost  total  deficiency  of  all  means  for  increasing  the 
powers  of  vision,  the  difference  between  the  two  organisms^ 
was  based  upon  mere  intuition,  and  in  part  upon  the  dogma 
of  self-nutrition  (Aristot.  de  Anima,  ii,  1  t.  i,  p.  412,  a  14, 

1  See  Co»mo9,  voL  lii,  p.  54* 
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Bekker),  and  of  a  spontaneous  incentive  to  motion*  This  kind 
of  mental  comprehension  which  I  have  named  intuition,  to- 
gether with  that  felicitous  acumen  in  the  power  of  combining 
his  ideas,  which  was  so  characteristic  of  the  Stagyrite,  led  him 
to  the  assumption  of  an  apparent  transition  firom  the  inani- 
mate to  the  living,  from  the  mere  element  to  the  plant,  and 
induced  him  even  to  adopt  the  view  that  in  the  ever  ascend- 
ing processes  of  plastic  formation  there  were  gradual  •^and 
intennediate  stages  connecting  plants  with  the  lower  animals 
(Aristot.  de  part,  Anvmul,  iv,  5,  p.  681,  a  12,  and  hist.  Animal. 
viii,  1,  p.  588,  a  4,  Bekker).  The  history  of  organisms  (taking 
the  word  history  in  its  original  sense,  and  therefore  in  rela- 
tion to  the  &.unas  and  floras  of  earlier  periods  of  time)  is  so 
intimately  connected  with  geology,  with  the  order  of  suc- 
cession of  the  superimposed  terr^rial  strata  and  with  the 
chronometrical  annals  of  the  upheaval  of  continents  and 
mountains ;  that  it  has  appeared  most  appropriate  to  me,  on 
account  of  the  connection  of  great  and  widely  diffused  phe- 
nomena, to  avoid  establishing  the  natural  division  of  organic 
and  inorganic  terrestrial  life  as  the  main  element  of  classifi- 
cation in  a  work  treating  of  the  Cosmos.  We  are  not  here 
striving  to  give  a  mere  morphological  representation  of  the . 
'  organic  world,  but  rather  to  arrive  at  bold  and  compre- 
hensive views  (^  nature,  and  the  forces  which  she  brings 
into  play» 


L 

Size,  Configuration^  and  Demdty  cf  ihe  JScert%^ — The  Meat  in 
the  interior  of  the  Earth,  and  its  distribution, — Magnetic 
jLctivity,  manifested  in  changes  of  Inclination,  Declination, 
and  Intensity  of  the  force  under  the  influence  of  the  Sun^B 
position  in  reference  to  the  Seat  and  Barefaction  of  the 
Air, — Magnetic  Storms, — Folar  Light, 

That  which  in  all  languages  is  comprehended  under  ety« 
mologically  differing  symbolical  forms  by  the  expression 
I^ure,  and  which  man,  who  originally  refers  everything 
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to  his  own  local  habitation^  has  further  designated  as 
Terrestrial  Nature  is  the  result  of  the  silent  co-operation 
of  a  system  of  active  forces,  whose  existence  we  can 
only  recognise  by  means  of  that  which  they  move,  blend 
together,  and  again  dissever ;  and  which  they  in  part  deve- 
lope  into  organic  tissues  (living  organisms),  which  have  the 
power  of  re-producing  like  structures.  The  appreciation  of 
nature  is  excited  in  the  susceptible  mind  of  man  through 
the  profound  impression  awakened  by  the  manifestation  of 
these  forces.  Our  attention  is  at  first  attracted  by  the  re- 
lations of  size  in  space  exhibited  by  our  plaaiet,  whit;h  seems 
only  like  a  handM  of  conglomerated  matter  in  the  immea- 
surable universe.  A  system  of  co-operating  forces,  which 
either  tend  to  combine  or  separate  (through  polar  influences), 
shows  the  dependence  of  every  part  of  nature  upon  other 
pdrts,  both  in  the  elementaiy  processes  (as  in  the  formation 
of  inorganic  substances),  and  in  the  production  and  main- 
tenance of  Life.  The  size  and  form  of  the  earth,  its  mass, 
that  is  to  say,  the  quantity  of  its  material  parts,  which 
when  compared  with  the  volume  determines  its  density,  and 
by  means  of  the  latter,  under  certain  conditions,  both  the 
constitution  of  the  interior  of  the  earth  and  the  amount  of  its 
attraction,  are  relations  which  stand  in  a  more  manifest,  and 
a  more  mathematically  demonstrable  dependence  upon  one 
another  than  we  observe  in  the  case  of  the  above  named  vital 
processes,  in  the  distribution  of  heat,  in  the  telluric  condi- 
tions of  electro-magnetism,  or  in  the  chemical  metamorphoses 
of  matter.  Conditions,  which  we  are  not  yet  able  to  deter- 
mine quantitatively  on  account  of  a  complication  of  pheno- 
mena, may  nevertheless  be  present,  and  may  be  demon- 
strated through  inductive  reasoning. 

Although  the  two  kinds  of  attraction,  namely,  that  which 
acts  at  perceptible  distances,  as  the  force  of  gravity  (the  gra- 
vitation of  the  celestial  bodies  towards  one  another),  and 
that  which  is  manifested  at  immeasurably  small  distances^  as 
molecular  or  contact-attraction,  cannot  in  the  present  con- 
dition of  science  be  reduced  to  one  and  the  same  law,  yet  it 
is  not  on  that  account  the  less  credible  that  capillary  attrac- 
tion and  endosmosis,  which  is  so  important  in  reference  to 
the  ascent  of  fluids,  and  in  respect  to  animal  and  vegetable 
physiology,  may  be  quite  as  much  affected  by  the  force  of  gra- 
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vitaiion  and  its  local  distribution  as  eleotro-ma^etio  pro- 
cesses and  the  chemical  metamorphosis  of  matter.  To  refer 
to  extreme  conditions,  we  may  assome  that  if  our  planet  had 
only  the  mass  of  the  moon,  and  therefore  almost  six  times 
less  intensity  of  gravity,  the  meteorological  processes,  the 
climate,  the  hypsometrical  relations  of  upheaved  moimtain 
chains  and  the  physiognomy  of  the  vegetation  would  be  quite 
different  from  what  they  now  are.  The  absolute  size  of  our 
planet  which  we  are  here  considering,  maintains  its  impor- 
tance in  the  collective  economy  of  nature  merely  by  the  re- 
lations which  it  bears  to  mass  and  rotation  ;  for  even  in  the 
universe,  if  the  dimensions  of  the  planets,  the  quantitative 
admixture  of  the  bodies  which  compose  them,  their  velo- 
cities and  distances  from  one  another,  were  all  to  increase  or 
diminish  in  one  and  the  same  proportion,  all  the  phenomena 
depending  upon  relations  of  gravitation  would  remain  un- 
changed in  this  ideal  macrocosmos,  or  microcosmos.' 


a.  Size,  Mgure,  Ellipticity^  and  Density  of  the  Sarth, 
(Expansion  of  the  Picture  of  Nature,  Cosmos,  voL  i; 

pp.  154—164.) 

The  earth  has  been  measured  and  weMed  in  order  to  de- 
termine its  form,  density,  and  mass.  The  accuracy  which 
has  been  incessantly  aimed  at  inx  these  terrestrial  determina- 
tions, has  contributed,  simultaneously  with  the  solution  of 
the  problems  of  astronomy,  to  improve  instruments  of  mea- 
surement, and  methods  of  analysis.    A  very  important  part 

>  "  The  law  of  reciprocal  attraction  which  acts  inversely  as  the  square 
of  the  distance  is  that  of  emanations,  proceeding  from  a  centre.  It  ap- 
pears to  be  the  law  of  all  those  forces,  whose  action  is  perceptible  at 
sensible  distances,  as  in  the  case  of  electrical  and  magnetic  forces.  One 
of  the  remarkable  properties  of  this  law  is  that,  if  the  dimensions  of  all 
the  bodies  in  the  universe,  together  with  their  mutual  distances  and 
their  velocities^  were  proportionally  increased  or  diminished,  they  would 
still  describe  curves  precisely  similar  to  those  which  they  now  describe ; 
BO  that  the  universe,  after  bemg  thus  successively  reduced  to  the  smallest 
conceivable  limits,  would  still  always  present  the  same  appearance  to 
the  observer.  These  appearances  are  consequently  independent  of  the 
dimensions  of  the  universe,  as  in  virtue  of  the  law  of  the  ratio  which 
exists  between  force  and  velocity,  they  are  independent  of  absolute 
movement  in  sp«^e.**-!^Laplace,  JSxposUion  d»  Sjf8L  d^  M<mde  (5()ine  iSd.), 
p.  ^5^ 
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of  the  process  mvolved  in  the  measurement  of  a  degree  is 
strictly  astronomical,  since  the  altitudes  of  stars  determine 
the  curvature  of  the  arc,  whose  length  is  found  by  the  solution 
of  a  series  of  triangles.  The  higher  departments  of  mathe- 
matics have  succeeded,  from  given  numerical  data,  in  solving 
the  difficult  problems  of  the  figure  of  the  earth,  and  the  sur- 
face of  equilibrium  of  a  fluid  homogeneous,  or  dense  shell-like 
heterogeneous  mass,  which  rotates  uniformly  round  a  solid 
axis.  Since  the  time  of  Kewton  and  Huygens,  the  most  dis- 
tinguished geometricians  of  the  eighteenth  century  have  de- 
voted themselves  to  the  solution  of  these  problems.  It  is  weD 
that  we  should  bear  in  mind  that  all  the  great  results  which 
have  been  attained  by  intellectual  labour  and  by  mathe- 
matical combinations  of  ideas,  derive  their  importance  not 
only  from  that  which  they  have  discovered  and  which  has 
been  appropriated  by  sciLce,  but  more  especiaUj  from  the 
influence  which  they  have  exerted  on  the  development  and 
improvement  of  analytical  methods. 

"  The  geometrical  figure  of  the  earth,  in  contradistinction 
to  the  physical?  determines  the  surface  which  the  super- 
ficies of  water  would  assume  in  passing  through  a  net-work 
of  canals,  connected  with  the  ocean,  and  covering  and  inter- 
secting the  earth  in  every  direction.  The  geometrical  surface 
intersects  the  directions  of  the  forces  vertically,  and  these 
forces  are  composed  of  all  the  attractions  emanating  from  the 
individual  particles  of  the  earth,  combined  with  the  centri- 
fugal force,  which  corresponds  with  its  velocity  of  rota- 
tion.^ This  surface  must  be  generally  considered  as  approxi- 
mating very  closely  to  an  oblate  spheroid,  for  irregularities 
in  the.  distribution  of  the  masses  in  the  interior  of  the  earth 
will  also,  where  the  local  density  is  altered,  give  rise  to  irre- 
gularity in  the  geometrical  surface,  which  is  the  product 
of  the  co-operation  of  unequally  distributed  elements.  The 
physical  surfietce  is  the  direct  product  of  the  sur&ce  of 

'  Gftuss,  Bestmmimg  dei  BreUeMmter$chiede8  snoischen  den  Stermoa/rUn 
wm  Gbttvngen  und  Attona,  1828,  &  73.  <TheBe  two  observatories, 
by  a  singular  chance,  are  situated  within  a  few  yards  of  the  same 
meridian.) 

*  Bessel,  Ueber  dtn  Ei/nfiut^  der  Uwregelm&8sigheiten  derPtgw  der  Erde 
auf  geodktUcke  ArbeUen  und  ikre  Vergleichwng  mit  <iutr(momi8clu» 
Bestimmimgen,  in  Sckum€Uiher*g  Astron,  Naekr,  Bd.  xiv,  No.  829|  s.  270, 
and  Bessel  and  Baeyer,  Gradmeuung  in  Ostpreuuen,  1838,  s.  427 — 442, 
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the  solid  and  fluid  matter  on  the  outer  crust  of  the 
earth.''  Although  while  it  is  not  improhable,  judging  firom 
geological  data,  that  the  incidental  alterations  which  are 
readily  brought  about  in  the  fused  portions  of  the  interior 
of  the  earth,  when  they  are  moTed  by  a  change  of  position  of 
the  masses,  may  even  modify  the  geometrical  surface  by  pro- 
ducing curvature  of  the  meridians  and  parallels  io  small 
spaces,  aiid  at  veiy  widely  separated  periods  of  time ;  the 
physical  surfiftce  of  the  oceamc  parts  of  our  globe  is  peri- 
odically subjected  to  a  change  of  place  in  the  masses,  occa- 
sioned by  the  ebbing  and  flowing  (or  in  other  words  the 
local  depression  and  elevation)  of  the  fluid  element.  The 
inconsiderable  amount  of  the  eflects  of  gravity  in  continental 
regions  may  indeed  render  a  gradual  change  inappreciable  to 
actual  observation ;  and  according  to  BesseFs  calculation,  in 
order  to  increase  the  latitude  of  a  place  by  a  change  of  only 
1",  it  must  be  assumed  that  there  is  a  transposition  in  the 
interior  of  the  earth  of  a  mass,  whose  weight  (its  density 
being  assumed  to  be  that  of  the  mean  density  of  the  earth)  is 
that  of  7296  geogi*aphical  cubic  miles.'  However  large  the 
volume  of  this  transposed  mass  may  appear  to  us  when  we 
compare  it  with  the  volume  of  Mont  Blanc,  or  Chimborazo, 
or  Kintschindjinga,  our  surprise  at  the  magnitude  of  the 
phenomenon  soon  diminishes  when  we.  remember  that  our 
terrestrial  spheroid  comprises  upwards  of  1696  hundreds  of 
millions  of  such  cubic  miles. 

Three  different  methods  have  been  attempted  although 
with  unequal  success  for  solving  the  problem  of  the  figure  of 
the  earth  whose  connection  with  the  geological  question  of 
the  earlier  liquid  condition  of  the  rotating  planetary  bodies 
was  known  at  the  brilliant  epoch  of  Newton,  Huygens 
and  Hooke.*    These    methods    were    the    geodetico-astro^ 

*  Bessel,  Ueber  den  Eimfiuss  der  Verandenmgen  des  Erdkdrperg  aufdie 
PoUhdheOf  in  Lindenau  und  Bohnenbei^er,  ZeiUchrift  fUr  Astronomie. 
Bd.  y,  1818,  8.  29.  "  The  weight  of  the  earth,  expressed  in  German 
pounds=9938  x  lO.*",  and  that  of  the  transposed  mass  ==  947  x  10."." 

'  The  theoretical  labours  of  that  time  were  followed  by  those  of 
Haolaurin,  Clairaut,  and  d'Alembert,  by  Legendre  and  by  Laplace. 
To  this  latter  period  we  may  add  the  theorem  advanced  by  Jacooi,  in 
1834,  that  ellipsoids  of  three  unequal  axes  may,  under  certain  conditions, 
represent  the  figures  of  equilibrium  no  less  than  the  two  preri^usly- 
indicated  ellipsoids  of  rotation. — See  the  treatise  of  this  writer,  whose 
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nomical  measarement  of  a  degree,  pendulum  experiments, 
and  calculations  of  the  inequalities  in  the  latitude  and  longi-p 
tude  of  the  moon.  In  the  application  of  the  first  method 
two  separate  processes  are  required,  namely,  measurements 
of  a  degree  of  latitude  on  the  arc  of  a  meridian,  and  mea- 
surements  of  a  degi«e  of  longitude  on  difierent  paraUels. 

Although  seven  years  have  now  passed  since  I  brought 
forward  the  results  of  Bessel's  important  labours,  in  refer* 
ence  to  the  dimensions  of  our  globe,  in  my  General  Delineation 
of  Kature,  his  work  has  not  yet  been  supplanted  by  any  one 
of  a  more  comprehensive  character,  or  based  upon  more  recent 
measurements  of  a  degree.  An  important  addition  and  great 
improvements  in  this  department  of  inquiry  may,  however, 
be  expected  on  the  completion  of  the  Bussian  geodetic  mear 
surements,  which  are  now  nearly  finished,  and  which,  as  they 
extend  almost  firom  the  North  Cape  to  the  Black  Sea,  will 
afford  a  good  basis  of  comparison  for  testing  the  accuracy  of 
the  results  of  the  Indian  survey. 

According  to  the  determinations  published  by  Bessel  in 
the  year  1841,  the  mean  value  of  the  dimensions  of  our 
planet  was,  according  to  a  careful  investigation^  of  ten  mea 

early  death  has  proved  a  severe  loss  to  scienoe,  in  PoggendorfiTs  Annalen 
der  Physih  wnd  Chemie.    Bd.  xxxlii,  1834,  s.  229—233. 

7  The  first  accurate  comparison  of  a  large  number  of  geodetic  mea- 
surements (including  those  made  in  the  elevated  plateau  of  Quito,  two 
East  Indian  measurements,  together  with  the  French,  English,  and 
recent  Lapland  observations)  was  successfully  effected  by  Walbeck,  at 
Abo,  in  1819.  He  found  the  mean  value  for  the  earth's  ellipticity  to  be 
a6g.?8i>  ^^^  ^^^^  ^^  ^  meridian  degree  57009.758  toises,  or  324,628  feet. 
Uxiifortunately  his  work,  entitled  De  Forma  et  Magnihidme  TeUwria  has 
not  been  published  in  a  complete  form.  Excited  by  the  encouragement 
of  Qauss,  Eduard  Schmidt  was  led  to  repeat  and  correct  his  results  in  his 
admirable  Handbook  of  Mathematical  Geography,  in  which  he  took  into 
account  both  the  higher  powers  given  for  the  ellipticity,  and  the  lati- 
tudes observed  at  the  intermediate  points,  as  well  as  the  Hanoverian 
measurements  and  those  which  had  been  extended  cus  far  as  Formentera 
by  Biot  and  Arago.  The  results  of  this  comparison  have  appeared  in 
three  forms,  after  undeigoing  a  gradual  correction,  namely,  in  Ghiuss's 
Beatimmimg  der  BreUenwUeriikieie  von  Oottmgen  undAltona  1828,  s.  82'; 
in  Eduard  Schmidt's  Lehrbtbch  der  Matkem,  md  Phyn,  Geograpkie,  1829, 
Th.  1,  s.  183, 194 — 199 ;  and  lastly  in  the  preface  to  the  latter  work 
(s.  5).  The  last  rescdt  is,  for  a  meridiaji  degree  57008.655  toises,  or 
8^4,261  feet ;  for  the  ellipticity,  ag,V4?B*  Bessel's  first  work  of  1830  had 
been  immediately  preceded  by  Ai/a  treatise  on  ike  Figure  of  the  JSarth^ 
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sarements  of  degrees,  as  follows  : — ^The  semi-axis  major  of  a 
rotating  spheroid,  a  form  that  approximates  most  closely  to 

in  the  Encydopeedia  Metropolitaxw.  Ed  of  1849,  pp.  220 — ^239.  {Hore 
the  semi-polar  axis  was  given  at  20,858,810  feet=8949.685  mUes,  the 
semi-equatorial  axis  at  20,923,718  feet=8962.824  miles,  the  meridian 
quadrant  at  82,811,980  feet,  and  the  ellipticity  at  ^ff^rrs)'  ^®  great 
astronomer  of  Konigsberg  was.  uninterruptedly  engaged,  from  1836  to 
1842,  in  calculations  regarding  the  figure  of  the  earth,  and  as  his  earlier 
works  were  emended  by  subsequent  corrections,  the  admixture  of  re^ 
Bults  of  investigations  at  different  periods  of  time  has,  in  many  works, 
proved  a  source  of  great  confusion.  In  munbers,  which  from  their  very 
nature  are  dependent  on  one  another,  this  admixture  is  rendered  still 
more  confusing  from  the  erroneous  reduction  of  measurements ;  as,  for 
Instance,  toises,  metres,  English  feet,  and  miles  of  60  and  69  ta  the 
equatorial  degree;  and  this  is  the  more  to  be  regretted  since  many 
works,  which  have  cost  a  very  large  amount  of  time  and  labour,  are 
thus  rendered  of  much  less  value  than  they  otherwise  would  be.  In 
the  Bummer  of  1837,  Bessel  published  two  treatises,  one  of  which  was 
devoted  to  the  consideration  of  the  influence  of  the  irregularity  of  the 
earth's  figure  upon  geodetic  measurements,  and  their  comparison  with 
astronomical  determinations,  whilst  the  other  gave  the  axes  of  the  ob- 
late spheroid,  which  seemed  to  correspond  most  closely  to  existing 
measurements  of  meridian  arcs  (Schum.  Astr.  Nachr,  bd.  xiv.  No. 
829,  8.  269,  No.  833,  s.  345).  The  results  of  his  calculation  were 
8271953.854  toises  for  the  semi-axis  major;  3261072.900  toises  for 
the  semi-axis  minor ;  and  for  the  length  of  a  mean  meridian  degree^ 
that  is  to  say,  for  the  ninetieth  part^of  the  earth's  quadrant  (vertically 
to  the  equator),  57011.453  toises.  An  error  of  68  toises,  or  440.8  fee^ 
which  was  detected  by  Puissant,  in  the  mode  of  calculation  that 
had  been  adopted,  in  180£^  by  a  Commission  of  the  National  Institute 
for  determining  the  distance  of  the  parallels  of  Montjouy,  near 
Barcelona,  and  Mola  in  Formentera,  led  Bessel,  in  the  year  1841, 
to  submit  his  previous  calculations  regarding  the  dimensions  of  the 
earth  to  a  new  revision.  (Schum.  Astr.  Nachr,  Bd.  xix.  No.  438, 
8.  97 — 116).  This  correction  yielded  for  the  length  of  the  earth's 
quadrant  5181179.81  toises,  instead  of  5130740  toises,  which  had 
been  obtained  in  accordance  with  the  first  determination  of  the  metre ; 
and  for  the  mean  length  of  a  meridian  degree,  57013.109  toises, 
which  is  about  0.611  of  a  toise  more  than  a  meridian  degree,  at 
45**  lat.  The  numbers  given  in  the  text  are  the  result  of  Bessel's  latest 
•calculations.  The  length  of  the  meridian  quadrant,  5131180  toises, 
with  a  mean  error  of  265.68  toises,  is  therefore ssl00008  56  metres,  which 
would  therefore  give  40003423  metres,  or  21563.92  geographical  miles, 
for  the  entire  circumference  of  ike  earth.  The  difference  between  the 
oiic^nal  assumption  of  the  CbmmtMum  dea  Poid$  et  Me9ur€8,  according  to 
which  the  metre  was  the  forty-millionth  part  of  the  earth's  circumfer- 
ence, amounts  for  the  entire  circumference  to  3428  metres,  or  1756.27 
toisM,  whitdi  18  almost  two  geographical  miles,  or  more  accurately 
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the  irregular  figure  of  our  earth,  was  3272077.14  toises,  or 
20,924,774  feet;  the  semi-axis  minor,  3261139.33  toises, 
or  20,854,821  feet;  the  length  of  the  earth's  quadrant, 
dl31 179.81  toises,  or  32,811,799  feet;  the  length  of  a  mean 
meridian  degree,  57013.109  toises,  or  364,596  feet ;  the 
length  of  a  parallel  degree  at  OP  latitude,  and  consequently 
that  of  an  equatorial  degree,  57108.52  toises,  or  365,186 
feet ;  the  length  of  a  parallel  degree  at  45°,  40449.371  toises, 
or  258,657  feet ;  the  ellipticity  of  the  earth,  jinr'.TTT  i  ^^^ 
the  length  of  a  geographical  mile,  of  which  sixty  go  to  an 
equatorial  degree,  951.8  toises,  or  6086.5  feet. 

The  table  (page  17)  shows  the  increase  of  the  length  of  the 
meridian  degree  from  the  equator  to  the  pole,  as  it  has  been 
found  from  observations,  and  therefore  modified  by  the  local 
disturbances  of  attraction 

The  determination  of  the  figure  of  the  earth  by  the  mea- 
surement of  degrees  of  longitude  on  difierent  parallels  re- 
quires very  great  accuracy  in  fixing  the  longitudes  of  difierent 
places.  Cassini  de  Thuiy  and  LacaiUe  employed,  in  1740, 
powder  signals  to  determine  a  perpendicular  line  at  the 
meridian  of  Paris.  In  more  recent  times,  the  great  trigono- 
metrical survey  of  England  has  determined,  by  the  help  of 
far  better  instruments  and  with  greater  accuracy,  the  lengths 
of  the  arcs  of  parallels  and  the  differences  of  the  meridians 
between  Beachy  Head  and  Dunnose,  as  well  as  between 
Dover  and  Falmouth.  These  determinations  were,  however, 
only  made  for  difierenoes  of  longitude  of  1°  26'  and  6°  22'  .^ 
fiy  far  the  most  considerable  of  these  surveys  is  the  one  that 
was  carried  on  between  the  meridians  of  Marennes,  on  the 
western  coast  of  France,  and  Fiume.  It  extends  over  the 
western  chain  of  the  Alps,  and  the  plains  of  Milan  and  Padua, 
in  a  direct  distance  of  15°  32'  27",  and  was  executed  under 
the  direction  of  Brousseaud  and  Largeteau,  Plana  and  Oar- 
speaking,  1.84.  According  to  the  earliest  determinations,  the  length  of 
the  metre  was  determined  at  0.5180740  of  a  toise,  while  accordmg  to 
Bessel's  last  determination  it  ought  to  be  0.6131180  of  a  toise.  The 
difference  for  the  length  of  the  metre  is,  therefore,  0.038  of  a  French 
line.  The  metre  has,  therefore,  been  established  by  Bessel  as  equal 
to  443.334  French  lines,  instead  of  443.296,  which  is  its  present  legal 
value  (Compare  also,  on  this  so-called  natural  standard,  Faye,  Lemons  de 
Cosmngraphie,  1852,  p.  93). 

8  Airy,  Figure  of  Uie  Earth  in  the  Encyd.  Metrop,  1849,  pp.  214—216. 
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18  COSMOS. 

lini,  almost  entirely  under  the  so-called  mean  parallel  of  45^. 
The  numerous  pendulum  experiments  which  have  been  con- 
ducted in  the  neighbourhood  of  mountain  chains,  have  con- 
firmed in  the  most  remarkable  manner  the  previously-recog- 
nised influences  of  those  local  attractions  which  were  in- 
ferred from  the  comparison  of  astronomical  latitudes  with 
the  results  of  geodetic  measurements.* 

In  addition  to  the  two  secondary  methods  for  the  direct 
measurement  of  a  degree  on  meridian  and  parallel  arcs,  we 
have  still  to  refer  to  a  purely  astronomical  determination  of 
the  figure  of  the  earth.  This  is  based  upon  the  action  which 
the  earth  exerts  upon  the  motion  of  the  moon,  or  in  other 
words  upon  the  inequalities  in  lunar  longitudes  and  latitudes. 
Laplace,  who  was  the  first  to  discover  the  cause  of  these 
inequalities,  has  also  taught  us  their  application  by  ingeni- 
ously showing  how  they  afford  the  great  advantage  which 
individual  measurements  of  a  degree  and  pendulum  experi- 
ments are  incapable  of  yielding,  namely,  that  of  showing  in 
one  single  result  the  mean  figure  of  the  earth.*®    We  would 

®  Blot,  Astr.  Physique,  t,  ii,  p.  482,  and  t.  iii,  p.  482.  A  very  accu- 
rate geodetical  measurement,  which  is  the  more  important  from  its 
serving  as  a  comparison  of  the  levels  of  the  Mediterranean  and  Atlantic, 
has  been  made  on  the  parallel  of  the  chain  of  the  Pyrenees  by  Cora- 
boeuf,  DelcroB,  and  Peytier. 

^  Cosmos,  vol.  1,  p.  160.  "It  is  very  remarkable  that  an  astronomer 
without  leaving  his  observatory,  may  merely  by  comparing. his  obser- 
vations with  analytical  results,  not  only  be  enabled  to  determine  with 
exactness  the  size  and  degree  of  ellipticlty  of  the  earth,  but  also  its 
distance  from  the  sun  and  moon — ^results  that  otherwise  could  only  be 
arrived  at  by  long  and  arduous  expeditions  to  the  most  remote  parts 
of  both  hemispheres.  The  moon  may,  therefore,  by  the  observation  of 
its  movements  render  appreciable  to  Uie  higher  departments  of  astro- 
nomy, the  ellipticity  of  the  earth,  as  it  taught  the  early  astronomers 
the  rotundity  of  our  earth  by  means  of  its  ecliipses"  (Laplace,  Expos,  du 
Syst,  du  Monde,  p.  230),  We  have  already  in  Cosmos,  vol.  iv,  pp.  481 — 
532,  made  mention  6f  an  almost  analogous  optical  method  suggested  by 
Arago,  and  based  upon  the  observation  that  the  intensity  of  the  ash- 
coloured  light,  that  is  to  say  the  terrestrial  light  in  the  moon,  might 
afford  us  some  information  in  reference  to  the  transparency  of  our 
entire  atmosphere.  Compare  also  Airy  in  the  Encycl.  Sfetrop,  pp.  189, 
236,  on  the  determination  of  the  earth's  ellipticity  by  means  of  the 
motions  of  the  moon,  as  well  as  at  pp.  231 — 235,  on  the  inferences  which 
he  draws  regarding  the  figure  of  the  earth  from  precession  and  nutation. 
According  to  Blot's  investigations,  the  latter  determination  would  only 
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here  again  refer  to  the  happy  expression  of  the  discoverer  of 
this  method  "  that  an  astronomer  -without  leaving  his  obseiv 
vatory  may  discover  the  individual^  form  of  the  earth  in 
which  he  dwells,  from  the  motion  of  one  of  the  heavenly 
bodies."  After  his  last  revision  of  the  inequalities  in  the 
longitude  and  latitude  of  our  satellite,  and  by  the  aid  of 
several  thousand  observations  of  Biirg,  Bouvard,  and  Burck- 
hardt,"  Laplace  found  by  means  of  his  lunar  method  a 
compression  amounting  to  -^^y  which  is  very  nearly  equal  to 
that  yielded  by  the  measurements  of  a  degree  of  latitude 

The  vibrations  of  the  pendulum  yield  a  third  means  of  de- 
termining the  figure  of  the  earth  (or  in  other  words  the 
relation  of  the  major  to  the  minor  axis,  on  the  supposition  of 
our  planet  being  of  a  spheroidal  form),  by  the  elucidation  of 
the  law  accordiQg  to  which  gravity  increases  from  the  equator 
towards  the  pole.  The  Arabian  astronomers,  and  more  es- 
pecially Ebn- JimiSi  at  the  close  of  the  tenth  century,  and 
during  the  brilliant  epoch  of  the  Abbassidian  Califs^,  first 
employed  these  vibrations  for  the  determination  of  time,  and 
afber  a  neglect  of  six  hundred  years  the  same  method  was 
again  adopted  by  Galileo,  and  Father  Biccioli  at  Bologua.^ 
The  pendulum  in  conjunction  with  a  system  of  wheels  used 
to  regulate  the  clocks  (which  were  first  employed  in  the 
imperfect  experiments  of  Sanctorius  at  Padua  in  1612,  and 
then  in  the  more  perfect  observations  of  Huygens  in  1656), 
gave  the  first  material  proof  of  the  different  intensity  of  gravity 
at  different  latitudes  in  Richer's  comparison  of  the  beats  of 
the  same  astronomical  clock  at  Paris  and  Cayenne,  in  1672. 
Picard  was  indeed  engaged  in  the  equipment  of  this  im- 
portant voyage,  but  he  does  not  on  that  account  assume  to 
himself  the  merit  of  its  first  suggestion.     Bicher  left  Paris 

give,  for  the  earth's  ellipticity,  limiting  and  widely  differing  values 
(f^  and  -rfff)'    Aatron.  Phygique,  3hme  Id.  t.  ii,  1844|  p.  463. 

^  Laplace,  M4canique  Celeste^  6d.  de  1846,  t.  v.  pp.  16,  53. 

^  Cosmos,  vol.  i,  p.  158.  Edward  Bernard,  an  Englishman,  was  the  first 
who  recognised  the  application  of  the  isochronism  of  pendulimi-oscil- 
lations  in  the  writings  of  the  Arabian  astronomers.  (See  his  letter,  dated 
Oxford,  April,  1683,  and  addressed  to  Dr.  Bobert  Huntington,  in 
Dublin.    Philos,  Transac.  vol.  xii,  p.  567.) 

^  Fr6ret  de  V Etude  de  la  PkUosophie  Andeme  in  the  Jliim.  de  VAcwL 
det  Inset,  t.  xviii  (1763),  p.  100. 

c2 
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in  October,  1671,  and  Picard  in  the  description  of  his  mea- 
surement of  a  degree  of  latitude,  which  appeared  in  the  same 
year  **  merely  refers  to  "  a  conjecture  which  was  advanced 

1*  Picard,  Meswre  de  la  Terre,  1671,  Art.  4.  It  is  scarcely  probable 
that  the  conjecture  which  was  advanced  in  the  Paris  Academy  eveu 
before  the  year  1671»  to  the  e£fect  that  the  intensity  of  gravity  varies 
with  the  latitude  (Lalande,  Astronomief  t.  iii,  p.  20  §  2668)  should  have 
been  made  by  the  illustrious  Huygens,  who  had  certainly  presented 
his  DUcQwrs  swr  la  Cause  de  la  GraviU  to  the  Academy  in  the  course 
of  the  year  1669.  There  in  no  mention  made  in  this  treatise  of  the 
shortening  of  the  seconds-pendulum,  which  was  being  observed  by 
Richer  at  Cayenne,  although  a  reference  to  it  occurs  in  the  supple- 
ments to  this  work,  (one  of  which  must  have  been  completed  after  the 
publication  of  Newton's  PriiMsipia,  and  consequently  later  than  1687). 
Huygens  writes  as  follows : — "  Maxima  pars  hujus  libelli  scripta  est, 
cum  Luteti8d  degerem  (to  1681)  ad  eum  usque  locum,  ubi  de  altera- 
tione,  quae  pendulis  accidit  e  motu  Terree."  See  also  the  explanation 
which  I  have  given  in  Cosmos,  vol.  ii,  p.  736.  The  observations  made 
by  Richer  at  Cayenne  were  not  published  until  1679,  as  I  have  already 
observed  in  the  text,  and  therefore  not  until  fully  six  years  after  his 
return,  and  what  is  more  remarkable,  the  annals  of  the  Acadimie  dea 
Inscriptions  contain  no  notice  during  this  long  period  of  Richer's  im- 
portant double  observations  of  the  pendulum  clock  and  of  the  simple 
seconds-pendulumu  We  do  not  know^  the  time  when  Newton  first 
became  acquainted  with  Richer's  results,  although  his  own  earliest 
theoretical  speculations  regarding  the  figure  of  the  earth  date  farther 
back  than  the  year  1665.  It  would  appear  that  Newton  did  not  be- 
come acquainted  until  1682  with  Picard's  geodetic  measurement,  which 
had  been  published  in  1671,  and  even  then  "  he  acddentally  heard  of  it 
at  a  meeting  of  the  Royal  Society,  which  he  was  attending."  His  know- 
ledge of  this  fact  as  Sir  David  Brewster  has  shown  {Memoirs  of  Sir  I. 
Newton,  vol.  i,  p.  291),  exerted  a  vei*y  important  influence  on  his  deter- 
mination of  the  earth's  diameter,  and  of  the  relation  which  the  fall  of 
a  body  upon  our  planet  bears  to  the  force  which  retains  the  moon  in 
its  orbit.  Newton's  views  may  have  been  similarly  influenced  by  the 
knowledge  of  the  spheroidal  form  of  Jupiter  which  had  been  ascertained 
by  Cassini  prior  to  1666,  but  was  first  described  in  1691  in  the  Mimoires 
de  V Acadimie  dea  Sciences,  t.  ii,  p.  108.  Could  Newton  have  learnt 
anything  of  a  much  earlier  publication,  of  which  some  of  the  sheets 
were  seen  by  Lalande  in  the  possession  of  Maraldi?  (Compare 
Lalande,  Astr.  t.  iii,  p.  335,  §  8346,  with  Brewster,  Memoirs  of  Sir  I. 
Newton,  vol.  i,  p.  322,  and  Cosmos,  vol.  i,  p.  156.)  Amid  the  simultan- 
eous labours  of  Newton,  Huygens,  Picard,  and  Cassini,  it  is  often  very 
difficult  to  arrive,  with  any  certainty,  at  a  just  appreciation  of  the  diffu- 
sion of  scientific  knowledge,  owing  to  the  tardiness  with  which  men 
at  that  day  made  known  the  result  of  their  observations,  the  pub- 
lication of  which  was  moreover  frequently  delayed  by  accidental  cir* 
cumstances. 
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by  one  of  the  members,  at  a  meeting  of  the  Academy,  ac* 
carding  to  which  the  weight  of  a  body  must  be  less  at  the 
equator  than  at  the  pole,  in  consequence  of  the  rotation  of 
the  earth."  He  addis  doubtfully,  that  although  it  would 
appear  from  certain  experiments  made  in  London,  Lyons, 
and  Bologna,  as  if  the  seconds-pendulum  must  be  shortened 
the  nearer  we  approach  to  the  equator;  yet  on  the  other 
hand  he  was  not  sufficiently  convinced  of  the  accuracy 
of  the  measurements  adduced,  because  at  the  Hague,  not- 
withstanding its  more  northern  latitude,  the  pendulum 
lengths  were  found  to  be  precisely  the  same  as  at  Paris. 
The  periods  at  which  Newton  first  became  acquainted  with 
the  important  pendulum  results  that  had  been  obtained  by 
Sicher  as  early  as  1672,  although  they  were  not  printed 
until  1679,  and  at  which  he  first  heard  of  the  discovery  that 
had  been  made  by  Cassini,  before  the  year  1666,  of  the  com- 
pression of  Jupiter's  disc,  have  imfortunately  not  been  re- 
corded with  the  same  exactness,  as  the  fact  of  his  very  tardy 
acquaintance  with  Picard*s  measurement  of  a  degree.  In  an 
age  so  remarkable  for  the  successfulemulation  that  distinguished 
the  cultivators  of  science,  and  when  theoretical  views  led  to 
the  prosecution  of  observations,  which  by  their  results  re- 
acted in  their  turn  upon  theory,  it  is  of  great  interest  to  the 
history  of  the  mathematical  establishment  of  physical  as^ 
tronomy,  that  individual  epochs  should  be  determined  with 
accuracy. 

Although  direct  measurements  of  meridian  and  parallel 
degrees  (the  former  especially  in  the  case  of  the  French 
measurement  of  a  degree"  between  the  latitudes  44°  42' 
and  47*  30',  and  the  latter  by  the  comparison  of  points  lying 
to  the  east  and  west  of  the  Italian  and  Maritime  Alps)," 
exhibit  great  deviations  from  the  mean  ellipsoidal  figure  of 
the  earth,  the  variations  in  the  amount  of  ellipticity  given 
by  pendulum  lengths  (taken  at  different  geographical  points 
and  in  different  groups)  are  very  much  more  striking.  The 
determination  of  the  figure  of  the  earth  obtained  from  the 

>*  Delambre,  Ba»t  dn  Sytt.  MStrique,  t.  iii,  p.  548. 

*•  Coimos,  voL  i,  p.  169.  Plana,  Opirations  GSodSsiqttes  et  Astrono' 
miques  pour  Ui  Mesure  tPun  Arc  du  ParcUUle  Moyen,  t.  ii,  p.  847; 
Carlim  in  the  ^efnendi  Aetronmddie  di  MUano  per  Vanno  1842, 
3^  67. 
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increase  or  decrease  of  gravity  (intensity  of  local  attraction), 
assumes  that  gravity  at  the  surface  of  our  rotating  spheroid 
must  have  remained  the  same  as  it  was  at  the  time  of  our 
earth's  consolidation  from  a  fluid  state,  and  that  no  later 
alterations  can  have  taken  place  in  its  density."  Not- 
withstanding the  great  improvements  which  have  been  made 
in  the  instruments  and  methods  of  measurement  by  Borda, 
Kater,  and  Bessel,  there  are  at  present  in  both  hemisph^es, 
from  Spitzbergcn  in  79°  50f  N.L.,  to  the  Falkland  Islands,  in 
51®  35/  S.L.,  where  Freycinet,  Duperrey,  and  Sir  James  Eosb 
successively  made  their  observations,  only  from  65  to  70 
irregularly  scattered  points,*'  at  which  the  length  of  the 
simple  pendulum  has  been  determined  with  as  much  accu- 
racy as  the  position  of  the  place  in  respect  to  its  latitude, 
lono^tude,  and  elevation  above  the  level  of  the  sea. 

The  pendulum  experiments  made  by  the  French  astrono- 
mers on  the  measured  part  of  a  meridian  arc,  and  the  obseiv 
vations  of  Captain  Kater  in  the  trigonometrical  survey  of 
Great  Britain  concurred,  in  showing  that  the  results  do  not 
individually  admit  of  being  referred  to  a  variation  of  gravity 
proportional  to  the  square  of  the  sine  of  the  latitude.  On  this 
account  the  English  Government  determined,  at  the  sugges- 
tion of  the  Vice-President  of  the  Royal  Society,  Davies 
Gilbert,  to  fit  out  a  scientific  expedition,  which  was  en- 
trusted to  my  friend  Edward  Sabine,  who  had  accompanied 
Captain  Parry  on  his  first  polar  voyage  in  the  capacity  of 
astronomer.  In  the  course  of  this  voyage,  which  was  con- 
tinued through  the  years  1822  and  1823,  he  coasted  along 

17  Compare  Biot,  Astronomic  Physique,  t.  ii,  1844,  p.  464,  with  Cosvws, 
vol.  i,  p.  160,  and  vol.  iv,  p.  427,  where  I  have  considered  the  difficulties 
presented  by  a  comparison  of  the  periods  of  rotation  of  planets,  and 
their  observed  compression.  Schubert  {Astron.  Th.  iii,  s.  316)  has 
also  drawn  attention  to  this  difficulty,  and  Bessel  in  his  treatise  (M 
Mass  and  Weight  says  expressly,  that  the  supposition  of  the  invariability 
of  gravity  at  any  one  point  of  observation  has  been  rendered  somewhat 
uncertain  by  the  recent  experiments  made  on  the  slow  upheaval  of  large 
portions  of  the  earth's  surface. 

^  Airy  in  his  admirable  treatise  on  the  Figure  of  ike  Earik  {Encyd, 
Metropol.  1849,  p.  229)  reckoned  fifty  different  stations  where  trust- 
worthy results  had  been  obtained  up  to  the  year  1830,  and  fourteen 
others,  (those  of  Bouguer,  Logentil,  LacaiUe,  Maupertuis  and  La 
Groy^re),  which  however  do  not  bear  comparison  with  the  former  in 
point  of  accuracy. 
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the  western  shores  of  Africa,  from  Sierra  Leone  to  the  Is- 
land of  St.  Thomas,  near  the  Equator,  then  by  Ascension  to 
South  America,  from  Bahia  to  the  mouth  of  the  Orinoco,  on 
his  way  to  the  West  Indies  and  the  New  England  States, 
afler  which  he  penetrated  into  the  Arctic  regions  as  far  as 
Spitzbergen,  and  a  hitherto  unexplored  and  ice-bound  portion 
of  East  Greenland  (74°  32').  This  brilliant  and  ably  con- 
ducted  expedition  had  the  advantage  of  being  mainly 
directed  to  one  sole  object  of  investigation,  and  of  embracing 
points  which  are  separated  from  one  another  by  93"^  of 
latitude. 

The  field  of  observation  in  the  French  expedition  for  the 
measurements  of  degrees  was  more  remote  from  the  equinoc- 
tial and  arctic  zones ;  but  it  had  the  great  advantage  of 
presenting  a  linear  series  of  points  of  observation,  and  of 
affording  direct  means  of  comparison  with  the  partial  curvattire 
of  the  arcs  obtained  by  geodetico-astronomical  observations. 
Biot,  in  1824,  carried  the  line  of  pendulum  measurements 
from  Formentera  (38°  39'  56")  where  he  had  already  made 
observations  conjointly  with  ^rago  and  Ohaix,  as  far  as 
Unst,  the  most  northerly  of  the  Shetland  Islands  (60°  45' 
25"),  and  with  Mathieu  he  extended  it  to  the  parallels 
of  Bordeaux,  Figeac,  and  Padu&,  as  far  as  Fiume.^'  These 
pendulum  results,  when  compared  with  those  of  Sabine, 
certainly  give  y^  for  the  compression  of  the  whole  northern 
quadrant,  but  when  separated  into  two  halves,  they  yield 
a  stiU  more  varying  result,  giving  -y^  from  the  equator  to 
45°,  and  -yj-g-  from  45°  to  the  pole.*"'    It  has  been  shown 

^  Biot  and  Arago,  Beeueil  d^Obierv.  OSctdesiquesetAstronomiqties,  1821, 
pp.  626 — ^640,  and  Biot,  Trait4  d'Astr,  Physique,  t.  ii,  1844,  pp.  465 — 
478. 

"  Op.  cit  p.  488.  Sabine  (Eocper.  for  determimng  the  vafiation  in  the 
length  of  the  Pendulum  vibrating  Secmids,  1826,  p.  352)  finds  ^tV-?  ^om 
bH  tiie  thirteen  stations  of  hik  pendulunr  expedition,  notwithstanding 
their  great  distances  from  one  another'  in  the  northern  hemisphere ; 
and  from  these,  increased  by  all  the  pendulum  stations  of  the  British 
survey  and  of  the  French  geodetic  measurement  from  Formentera  to 
IhiokiriE,  oomprisiBg  therefore  in  all  a  comparison  of  twenty-five  points  of 
observation  he  again  found  7^.7.  It  is  still  more  striking,  as  was  already 
observed  by  Admiral  Liitke,  that  far  to  the  west  of  the  Atlantic  region 
in  ihe  meridians  of  Petropawlowski  and  New  Archangel,  the  pendulum 
lyT!gf.li«  yield  a  much  greater  ellipticity,  namely  7^.  .  As  the  previously 
applied  theory  of  the  influence  of  the  air  surrounding  the  pendulum^ 
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m  many  instances,  and  in  both  hemigpheres,  that  there  is  an 
appreciable  influence  exerted  by  surrrounding  denser  rocks, 
(basalt,  greenstone,  diorite,  and  melapbyre,  in  opposition  to 
specifically  lighter  secondary  and  tertiary  formations,)  in  the 
same  manner  as  volcanic  islands^^  influence  gravity  and 
augment  its  intensity.  Many  of  the  anomalies  which  pre- 
sented themselves  in  these  observations  do  not,  however, 
admit  of  being  explained  by  any  visible  geological  characters 
of  the  soil. 

For  the  southern  hemisphere  we  possess  a  small  number 
of  admirable,  but  very  widely  diflused  observations  made  by 
Ereycinet,  Duperrey,  Fallows,  Liitke,  Brisbane  and  Biimker. 
These  observations  have  conflrmed  a  fact  which  had  been 
strikingly  depionstrated  in  the  northern  hemisphere,  namely, 
that  the  intensity  of  gravity  is  not  the  same  for  all  places 
having  the  same  latitude,  and  that  the  increase  of  gravity 
from  the  equator  towards  the  poles  appears  to  be  subjected 
to  diflerent  laws  under  diflerent  meridians.  Although  the 
pendulum  ^neasuremei^t^  made  by  Lacaille  at  the  Cape  of 
Good  Hope,  and  those  conducted  in  the  Spanish  circumnavi- 
gating expedition  by  Malaspina,  may  have  led  to  the  belief 
that  the  santhem  hemisphere  is  in  general  much  more  com- 
pressed than  the  northern,  comparisons  made  between  the 
Falkland    Islands   and  Kew  Holland   on  the    one  hand, 

led  to  an  error  in  the  calculation,  and  had  rendered  a  correction  neoea- 
sary  as  early  as  1786,  (when  a  somewhat  obscure  one  was  given  by  the 
Chevalier  de  Buat,)  on  account  of  the  difference  in  the  loss  of  weight 
of  solid  bodies,  when  they  are  either  at  rest  in  a  fluici,  or  impelled  in  a 
vibratory  motion,  Bessel  with  his  usual  analytical  clearness  laid  down 
the  following  axiom  in  his  Untemtdi-tmgen  Uber  die  Ldnge  dei  einfaehen 
Secwidenpe^deUf  s.  32,  63,  126 — 129.  '^  When  a  body  is  moving  in  a 
fluid  (the  atmosphere),  the  latter  belongs  with  it  to'  the  moved  system, 
and  the  moinng  force  must  be  distributed  not  only  over  the  particles 
of  the  solid  moved  body,  but  also  over  aU  the  moved  particles  of  the 
fluid."  Qn  the  experiments  of  Sabine  and  Baily,  whidi  originated  in 
Bessers  practically  important  pendulum  correction  (reduction  to  a 
vacuuixk),  see  JohnHerschel in  the  ifemotr  of  Frameis  Baily,  1845,  pp. 
17—21. 

^  Cotmo8y  vol.  i,  p.  169.  Compare,  for  the  phenomena  occurring  in 
islands,  Sabine  Pend,  Exper,  1825,  p.  237,  and  Liitke,  06».  <iu  Penduie 
wwariahU,  eocScuties  de  1826—1829,  p.  241.  This  work  contains  a 
remarkable  table,  p.  239,  on  the  nature  of  the  rocks  occurring  at  16 
pendulum  stations,  from  Melville  Island  (79^  50^  N.  Lat.)  to  Valparaiso 
(82**  2f  S.  Lat). 
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and  New  York,  Dunkirk,  and  Barcelona  on  the  other, 
have,  however,  by  their  more  exact  results  shown  that 
the  contrary  is  the  case,  as  I  have  already  elsewhere  in- 
dicated.** 

From  the  above  data^  it  follows  that  the  pendulum  (al- 
though it  is  by  no  means  an  unimportant  instrument  in 
geognostic  observations,  being  as  it  were  a  sort  of  plummet 
cast  into  the  deep  and  unseen  strata  of  the  earth)  does  not 
determine  the  form  of  our  planet  with  the  same  exactitude 
as  the  measurement  of  a  degree,  or  the  movements  of  our 
satellite.  The  concentric,  elliptical,  and  individually  homo- 
geneous strata,  which  increase  in  density  according  to  certain 
functions  of  distance  from  the  surface  towards  the  centre  of 
the  earth,  may  give  rise  to  local  fluctuaticms  in  the  intensity 
of  gravity  at  individual  points  of  the  earth's  surface,  which 
differ  according  to  the  character,  position,  and  density  of  the 
several  points.  If  the  conditions  which  produce  these  devi- 
ations are  much  more  recent  than  the  consolidation  of  the 

^  Co9mo8,  vol.  i,  p.  161.  Eduard  Schmidt  {Mathem,  wnd  Phys.  Geo- 
ffraphie,  Th.  i,  s.  394),  has  separated  from  a  large  number  of  the  pen- 
dulum observations  which  were  made  on  board  the  corvettes  Descubierta 
and  Atrevida,  under  the  command  of  Malaspina,  those  thirteen  stations 
which  belong  to  the  southern  hemisphere,  from  which  he  obtained  a 
mean  compression  of  77^.77.  Mathieu  obtained  79^.7  from  a  compa- 
rison of  Lacaille's  observations  at  the  Cape  of  Gk)od  Hope  and  the  Isle 
of  France  with  Paiis,  but  l^e  iustruments  of  measurement  used  at  that  - 
day  did  not  afford  the  same  certainty  as  we  now  obtain  by  the  appli- 
ances of  Borda  and  Kater,  and  the  more  modem  methods  of  observa* 
tion.  The  present  would  seem  a  fitting  place  to  notice  the  beautiful 
experiments  of  Foucault,  which  afford  so  high  a  proof  of  the  ingenuity 
of  the  inventor,  and  by  which  we  obtain  ocular  evidence  of  the  rotation 
of  the  earth  on  its  axis  by  means  of  the  pendulum,  whose  plane  of 
vibration  slowly  rotates  from  east  to  west  (Oomptes  rendvs  de  VAead. 
dea  Sc,  Sicmce  du  8  Fivrier,  1851,  t.  xxxii,  p.  135).  Experiments  for 
noticing  the  deviation  towards  the  east  in  observations  of  falling 
bodies,  dropped  from  church  towers  or  into  mines,  as  suggested  by 
Benzenbeig  and  Reich,  require  a  very  great  height,  whilst  Foucault's 
apparatus  makes  the  effects  of  the  earth's  rotation  perceptible  with  a 
pendulum  only  six  feet  long.  We  must  not  confound  the  phenomena 
which  may  be  explained  by  rotation  (as,  for  instance,  Richer's  clock 
experiments  at  Cayenne,  ditu*nal  aberration,  the  deviation  of  projectiles, 
trade  winds,  etc.),  with  those  that  may  at  any  time  be  produced  by 
Foucaalt's  apparatus,  and  of  which  the  members  of  the  Academia  did 
Cvnunio  appear  to  have  had  some  idea,  although  they  did  not  farther 
deydope  it   (Antinori,  in  the  CompUi  rendw,  t.  xxxii,  p.  635). 
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outer  crust,  tlie  figure  of  the  surface  cannot  be  assumed  to 
be  locally  modified  by  the  internal  motion  of  the  fased 
masses.  The  difierence  of  the  results  of  pendulum  measure- 
ments is  however  much  too  great  to  be  ascribed  at  the  pre- 
sent day  to  errors  of  observation.  Even  where  a  coinci- 
dence in  the  results,  or  an  obvious  regularity  has  been  dis- 
covered by  the  various  grouping  and  combination  of  the 
points  of  observation,  the  pendulum  always  gives  a  greater 
ellipticity  (varying  between  the  limits  -^^  and  -^^)  than 
could  have  been  deduced  from  the  measurements  of  a  degree. 
If  we  take  the  ellipticity  which,  in  accordance  with 
Bessel's  last  determination,  is  now  generally  adopted, 
namely,  sg^li^j,  we  shall  find  that  the  bulging^  at  the 

®  In  Grecian  antiquity  two  regions  of  the  earth  were  designated  as 
being  characterised,  in  accordance  with  the  prevalent  opinions  of  the 
time,  by  remarkable  protuberances  of  the  surface,  namely,  the  high 
north  of  Asia  and  the  land  lying  under  the  equator.  "  The  high  and 
naked  Scjrthian  plains,"  says  Hippocrates  {de  ASre  et  Aquia  §  xix,  p.  72, 
Littr^),  "  without  being  crowned  by  mountains  stretch  far  upward  to 
the  meridian  of  the  Bear.**  A  similar  opinion  had  previously  been 
ascribed  to  Empedocles  (Plut.  de  Plac,  PkUos,  ii,  3).  Aristotle  {Meteor, 
i,  1  a  15,  p.  6Q,  Ideler)  says  that  the  older  meteorologists,  according  to 
whose  opinions  the  sun  "  did  not  go  under  the  earth,  but  passed  round 
it,"  considered  that  the  protuberances  of  the  earth  towards  the  north 
were  the  cause  of  the  disappearance  of  the  sun,  or  of  the  production  of 
night.  And  in  the  compilation  of  the  Problems  (xxvi,  15,  page  941, 
Bekker),  the  cold  of  the  north  wind  was  ascribed  to  the  elevation  of 
the  soil  in  this  region  of  the  earth,  and  in  all  these  passages  there  is 
no  reference  to  mountains,  but  merely  to  a  bulging  of  the  earth  into 
elevated  plateaux.  I  have  already  elsewhere  shown  (Aaie  CentrcUe,  t.  i, 
p.  58)  that  Strabo,  who  alone  makes  use  of  the  very  characteristic  word 
dpoirkdia,  says  that  the  difference  of  climate  which  arises  from  geogra- 
phical position  must  everywhere  be  distinguished  from  that  which  we 
ascribe  to  elevation  above  the  sea,  in  Armenia  (xi,  p.  522,  Casaub.),  in 
Lycaonia,  which  is  inhabited  by  wild  asses  (xii,  p.  568),  and  in  Upper 
India,  in  the  auriferous  country  of  the  Derdi  (xv,  p.  706).  "  Even  in 
southern  parts  of  the  world,'*  says  the  geographer  of  Amasia,  "  evezy 
high  district,  if  it  be  also  a  plain,  is  cold "  (ii,  p.  73).  Eratosthenes 
and  Polybius  ascribe  the  very  moderate  temperature  which  prevaUa 
under  the  equator  not  only  to  the  more  rapid  transit  of  the  sun 
(Geminus,  Elem.  Astron.  c.  18;  Cleom.  Cyd.  Theor.,  1, 6),  but  more  espe- 
cially to  the  bulging  of  the  earth  (See  my  Examen,  CrU.  de  la  Qiogr, 
t.  iii,  pp.  150 — 162).  Both  mamtain,  according  to  the  testimony  of 
Strabo  (ii,  p.  97),  "  that  the  district  lying  immediately  below  the  equator 
is  the  highest,  on  which  account  much  rain  falls  there,  in  consequence 
iA.  the  veiy  large  aooumulation  of  northern  clouds  at  Uie  period  when 
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eqnator  anLotrnts  to  about  64d,4^7  feet ;  about  11^,  or  more 
accurately,  11.492  geographical  miles.     As  a  comparison  has 

those  winds  prevail,  which  change  with  the  season  of  the  year."  Of 
these  two  opinions  regarding  the  elevation  of  the  land  in  Northern 
Asia  (the  Sc3rthian  Europe  of  Herodotus)  and  in  the  equatorial  zone,  the 
former  of  the  two,  with  the  pertinacity  charac^ristic  of  error,  has  kept 
its  ground  for  nearly  two  thousand  years,  and  has  given  occasion  to  the 
geological  myth  of  an  uninterrupted  plateau  in  the  Tartar  district 
lying  to  the  north  of  the  Himalayas,  whilst  the  other  opinion  could  only 
be  justified  in  reference  to  a  portion  of  Asia,  lying  beyond  the  tropicfd 
zone,  and  consequently  applies  only  to  the  colossal,  ''elevated  or 
mountain  plateau,  Meru,''  which  is  celebrated  in  the  most  ancient  and 
noblest  memorials  of  Indian  poetry.  (See  Wilson's  Diet.  Sansa-it  cmd 
Engliskt  1832,  p.  674,  where  the  word  Meru  is  explained  to  signify  aa 
elevated  plateau).  I  have  thought  it  necessary  to  enter  thus  circum* 
stantially  into  this  question,  in  order  that  I  might  refute  the  hypothesis 
of  the  intellectual  Fr^ret,  who,  without  indicating  any  passages  from 
Greek  writers,  and  merely  alluding  to  one  which  seemed  to  treat  of 
tropical  rain,  interprets  the  opinion  advanced  regarding  bulgings  of  the 
soil  as  having  reference  to  compression  or  elongation  at  the  poles.  In 
the  Mim,  de  VAcad.  dealnscriptioTUf  t.  zviii,1753,  p.  112,  Fr^ret  expresses 
himself  as  follows :—  **  To  explain  the  rains  which  prevailed  in  those 
equinoctial  regions,  which  tiie  conquests  of  Alexander  first  made  known, 
it  was  supposed  that  there  were  currents  which  drove  the  clouds  from 
the  poles  towards  the  equator,  where,  in  default  of  mountains  to  stop 
their  progress,  they  were  arrested  by  the  general  elevation  of  the  soil, 
whose  surface  at  the  equator  is  farther  removed  from  the  centre  than 
tinder  the  poles.  Some  physicists  have  ascribed  to  the  globe  the  figure 
of  a  spheroid,  which  bulges  at  the  equator  and  is  flattened  towards  the 
poles,  while  on  the  contrary,  in  the  opinion  of  those  of  the  ancients  who 
believed  that  the  earth  was  elongated  towards  the  poles,  the  polar 
rt^ons  are  farther  removed  than  tiie  equatorial  zone  from  the  centoe 
of  the  earth."  I  can  find  no  evidence  in  the  works  of  the  ancients  to 
justify  these  assertions.  In  the  third  section  of  the  first  book  of  Strabo 
(page  48,  Casaub.),  it  is  expressly  stated  that^  "  after  Eratosthenes  has 
observed  that  the  whole  earth  is  spherical,  although  not  like  a  sphere 
that  has  been  made  by  a  turning-lathe  (an  expression  that  is  borrowed 
&om  Herodotus,  iv.  86),  and  exhibits  many  deviations  from  this  form, 
he  adduces  numerous  modifications  of  shape  which  have  been  produced 
by  the  action  of  water  and  fire,  by  earthquakes,  subterranean  currents 
of  wind  (elastic  vapours?),  and  other  causes  of  the  same  kind,  whi<^ 
however,  are  not  given  in  the  order  of  their  occurrence,  for  the  rotun- 
dity of  the  entire  earth  results  from  the  co-ordination  of  the  whole,  such 
modifications  in  no  degree  affecting  the  general  form  of  our  earth,  the 
lesser  vanisMng  in  the  greater.^'  Subsequently  we  read»  also  in  Gros- 
kiud's  admirable  translation,  "that  the  earth,  together  with  the  sea,  is 
q^erical,  the  two  constituting  one  and  the  same  surface.  The  projec- 
tion of  the  land,  which  is  inconsiderable  and  may  remain  unnoticed  m 
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very  frequently  been  made  from  tlie  earliest  times  of  astro- 
nomical inquiry  between  this  swelling  or  convex  elevation 
of  the  earth's  surface  and  carefully  measured  mountain' 
masses^  I  will  select  as  objects  of  comparison  the  highest  of 
the  known  peaks  of  the  Himalayas,  namely,  that  of  Kin- 
tschindjinga,  which  was  fixed  by  Colonel  Waugh  at  28,174 
feet,  and  that  portion  of  the  elevated  platearU  of  Thibet 
which  is  nearest  to  the  sacred  lakes  of  Hakas-Tal  and  Man* 
assarova,  and  which,  according  to  Lieutenant  Henry  Strachey, 
is  situated  at  the  mean  height  of  15,347  feet.  The  bulg- 
ing of  our  planet  at  the  equatorial  zone  is  therefore  not 

lost  in  such  magnitudes,  so  that  in  these  coses  we  are  unable  to  deter- 
mine its  spherical  form  with  the  same  accuracy  as  in  the  case  of  a  sphere 
made  by  a  turning-lathe,  or  as  well  as  the  sculptor,  who  judges  from 
his  conceptions  of  form,  for  here  we  are  obliged  to  determine  by  phy- 
sical and  lees  delicate  perception.''  (Strabo,  ii,  p.  112).  "The  world  is 
at  once  a  work  of  nature  and  of  providence, — a  work  of  nature  inasmuch 
as  all  things  tend  towards  one  point,  the  centre  of  the  whole,  round 
which  they  group  themselves,  the  less  dense  element  (water)  containing 
the  denser  (earth)."  (Strabo,  xvii,  p.  809).  Wherever  we  find  the  figure 
of  the  earth  described  by  the  Greeks,  it  is  compared  (Cleom.  Cycl.  ThiMir,  i, 
8,  p.  51)  with  a  flat  or  centrally  depressed  disc,  a  cylinder  ( Anaximander), 
a  cube  or  pyramid,  and  lastly  we  find  it  generally  held  to  be  a  sphere  not- 
withstanding the  long  contest  of  the  Epicureans,  who  denied  the  ten- 
dency of  attraction  towards  the  centre.  The  idea  of  compression  does  not 
seem  to  have  presented  itself  to  their  imagination.  The  elongated  earth 
of  Democritus  was  only  the  disc  of  Thales  lengthened  in  one  direction. 
The  drum-like  form,  to  oxrfpia  rvfiiravoeiStg,  which  seems  more  especially 
to  have  emanated  from  Leuclppus  (Plut.  de  Plac.  Philos.  iii,  10;  Galen. 
Mist.  Phil.,  cap.  21;  Aristotle,  de  Codo,  ii,  13  page,  293  Bekker),  appears 
to  have  been  founded  upon  the  idea  of  a  hemisphere  with  a  flat  basis, 
which  probably  represented  the  equator,  whilst  the  curvaturo  was  re- 
garded as  the  oUovfisvip  A. passage  in  Pliny,  regarding  Pearls  (zi, 
54),  elucidates  this  form,  whilst  Aristotle  merely  compares  the  segments 
of  ^e  sphere  with  the  drum  {Meteorol.  ii,  5,  a  10,  Ideler,  t.  i,  p.  563),  as 
we  also  find  from  the  commentary  of  Olympiodorus  (Ideler,  t.  i,  p.  301). 
I  have  here  purposely  avoided  referring  to  two  passages  which  are  well 
known  to  me  in  Agathemerus  {de  Oeographia,  lib.  i,  cap.  1,  p.  2,  Hudson) 
and  in  Eusebius  (Evcmgd.  Prcepa/rat.  t.  iv,  p.  125,  ed.  Gaisford,  1843), 
because  they  prove  with  what  inaccuracy  later  writers  have  often 
ascribed  to  the  ancients  views  which  were  totally  foreign  to  them. 
According  to  these  versions, ''  Eudoxus  gave  for  the  length  and  breadth 
of  the  earth's  disc  values  which  stood  in  relation  to  one  another  as 
1  to  2 ;  the  same  is  said  in  reference  to  Diosearchus,  the  pupil  of  Aris- 
totle, who,  however,  advanced  his  own  special  proofs  of  the  spherical 
form  of  the  earth  (Marcian,  CapdUt,  lib.  vi,  p.  192).  Hipparchus  re- 
■{;arded  the  earth  as  rpaire^octd^c,  and  Thales  held  it  to  be  a  sphere  f 
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quite  three  times  as  great  as  the  eleTation  of  the  highest  of 
our  mountains  above  the  sea's  level,  but  it  is  almost  five 
times  as  great  as  that  of  the  eastern  plateau  of  Thibet. 

We  ought  here  to  observe  that  the  results  of  the  earth's 
compression,  which  have  been  obtained  by  mere  measure* 
ments  of  a  degree,  or  by  combinations  of  the  former  with 
pendulum  measurements,  show  far  less  ^  considerable  differ- 
ences in  the  amount  of  the  equinoctial  bulging  than  we 
should  have  been  disposed  at  first  sight  to  conclude  from  the 
fractional  numbers.  The  difference  of  the  polar  compres- 
sions {-^^^  and  YTu)  aii^ounts  to  only  about  7000  feet  in 
the  difference  of  the  major  and  minor  axes,  basing  the  calcu- 
lation on  both  extreme  numerical  limits;  and  this  is  not 
twice  the  elevation  of  the  small  mountains  of  the  Brocken 
and  of  Vesuvius  ;  the  difference  being  only  about  one-tenth 

^  It  has  often  seemed  to  me  as  if  the  amount  of  the  compression  of 
the  earth  was  regarded  as  somewhat  doubtful  merely  from  our  wish 
to  attain  an  unnecessary  degree  of  accuracy.  If  we  take  the  values  of 
the  compression  at  ^gj^^  ^^,  ■^■^,  ^lo*  we  find  that  the  difference  of 
both  radii  is  equal  to  10,55'#>  10,905,  11,281,  11,684  toises,  or  67,488, 
69,554,  73,137,  74,714  feet.  The  fluctuation  of  30  units  in  the  denomi- 
nator produces  only  a  fluctuation  of  1,130  toises  or  7,126  feet  in  the 
polar  radius,  an  amount  which,  when  compared  with  the  visible  in- 
equalities of  the  earth's  surface  appears  so  very  inconsiderable,  that  I 
am  often  surprised  to  find  that  the  experiments  coincide  within  such 
closely  approximating  limits.  Individual  observations  scattered  over 
wide  surfaces  will  indeed  teach  us  little  more  than  what  we  already 
know,  but  it  would  be  of  considerable  importance  to  connect  together 
all  the  measurements  that  have  been  made  over  the  entire  surface  of 
Europe,  including  in  this  calculation  all  astronomically  determined 
points.**  (Bessel,  in  a  letter  addressed  to  myself,  December,  1828.)  Even 
if  this  plan  were  carried  out,  we  should  then  only  know  the  form  of 
that  portion  of  the  earth,  which  may  be  regarded  as  a  peninsular  pro- 
jection, extending  westward,  about  sixty-six  and  a  half  degrees  from  the 
great  Asiatic  Continent.  The  steppes  of  Northern  Asia,  even  the  mid- 
dle Kii^ghis  steppe,  a  considerable  portion  of  which  I  have  myself  seen, 
are  often  interspersed  with  hills,  and  in  respect  to  uninterrupted 
levels,  cannot  be  compared  with  the  Pampas  of  Buenos  Ayres,  or  the 
Llanos  of  Venezuela.  The  latter,  which  are  far  removed  from  all 
mountain  chains  and  consist  immediately  below  the  surface  of  secon- 
dary and  tertiary  strata,  having  a  very  imiform  and  low  degree  of  den- 
sity, might  by  differences  in  the  results  of  pendulum  vibrations,  yield 
veiy  decisive  conclusions  in  reference  to  the  local  constitution  of  the 
deep  internal  strata  of  the  earth.  —  Compare  my  Views  of  NcUture, 
pp.  2—8,  29—32. 
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of  tHe  bulging  irhich  woidd  be  yielded  by  a  polar  oompre»- 
sioiLof  7^. 

As  soon  as  it  bad  been  asoertained  by  more  accurate  mea> 
surements  of  a  degree,  made  at  very  different  latitudes,  tbat 
th«  earth  could  not  be  mufonnly  dense  in  its  interior,  (because 
tbe  results  sbowed  tbat  tbe  compression  was  very  much 
less  than  bad  been  assumed  by  Newton  (j^),  and  much 
greater  tban  was  supposed  by  Huygens  (tjj),  who  con- 
sidered tbat  all  forces  of  attraction  were  combined  in  tbe 
centre  of  tbe  earbb,)  tbe  connection  between  tbe  amount 
of  compression  and  tbe  law  of  density  in  the  interior  of  our 
earth  necessarily  became  a  very  important  object  of  ana- 
lytical  calculation.  Theoretical  speculations  regarding  gravity 
very  early  led  to  the  consideration  of  the  attraction  of  large 
mountain  masses,  which  rise  freely  and  precipitously  into 
the  atmosphere  from  the  dried  surface  of  our  planet.  New- 
ton, in  his  Treatise  of  the  System  of  the  World  in  a  Popular 
Way,  1728,  endeavoured  to  determine  what  amount  of 
deviation  from  the  perpendicular  direction  the  pendulum 
would  experience  from  a  mountain  2,665  feet  in  height  and 
5,330  feet  in  diameter.  This  consideration  very  probably 
gave  occasion  to  the  unsatisfactory  experiments,  wluch  were 
made  by  Bouguer  on  Chimborazo,  "^    by  Maskelyne    and 

*  Bouguer  who  had  been  indnoed  by  La  CoDdamine  to  institute 
ezperiments  on  the  deviation  of  the  plummet  near  the  mountain  of 
CMmborazo,  does  not  allude  in  his  Figure  de  la  Terrty  pp.  364 — 394 
to  Newton's  proposition.  Unfortunately  the  most  skilful  of  the  two 
travellers  did  not  observe  on  the  east  and  western  sides  of  the 
colossal  mountain,  having  limit<ed  his  experiments  (December,  1738)  to 
two  stations  lying  on  the  same  side  of  Chimborazo,  first  in  a  south- 
erly direction  ei'^  80'  West,  about  4,572  toises  or  29,326  feet  from 
the  centre  of  the  mountain,  and  then  to  the  South  16^  West  (distance 
1,753  toises  or  11,210  feet).  The  first  of  these  stations  lay  in  a  district 
with  which  I  am  well  acquainted,  and  probably  at  the  same  elevation 
as  the  small  alpine  lake  of  Tana-cocha,  and  the  other  in  the  pumice-stone 
plain  of  the  Arenal  (La  Condamine,  Voyage  d,  VEqwUeWy  pp.  68 — 70). 
The  deviation  yielded  by  the  altitudes  of  the  stars,  was,  contrary  to  all 
expectation,  only  7.''5  which  was  ascribed  by  the  observers  themselves 
to  the  difficulty  of  making  observations  so  immediately  in  the  vicinity 
of  the  limit  of  perpetual  snow,  to  the  want  of  accuracy  in  their  instru- 
ments, and  above  all  to  the  great  cavities  which  were  conjectured  to 
exist  within  this  colossal  trachytic  mountain.  I  have  already  expressed 
many  doubts,  based  upon  geological  grounds,  as  to  this  assumption  of 
i^ery  large  cavities,  and  of  the  very  inconsiderable  mass  of  the  tra- 
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Hutton  on  ShehaJlien,  near  Blair-Atlioly  in  Pertbsliire ;  to 
the  comparison  of  pendulum  lengths  on  a  plain  lying  at  an 
elevation  of  6000  feet  and  at  the  level  of  the  sea  (as  for 
instance  Carlini*s  observations  at  the  Hospice  of  Mont  Cenis, 
and  Biot  and  Mathieu's  at  Bordeaux) ;  and  lastly  to  the  deli* 
cate  and  thoroughly  decisive  experiments  xmdertaken  in  1837 
by  Beich  and  Bailey  with  the  ingeniously  constructed  torsion- 
balance  which  was  invented  by  John  Mitchell  and  subse- 
quently given  to  Cavendish  by  "Wollaston.*®  The  three 
modes  of  determining  the  density  of  our  planet  (by  vicinity 
to  a  mountain  mass,  elevation  of  a  mountainous  plateau,  and 
the  balance)  have  already  been  so  circumstantially  detailed 
in  a  former  part  of  the  Cosmos  (voL  i,  p.  158),  that  it  only 
remains  for  us  to  notice  the  experiments  given  in  Belch's 
new  treatise,  and  prosecuted  by  that  indefatigable  observer 
during  the  interval  between  the  years   1847  and  1850.*^ 

chytio  dome  of  ObimboraKo.  South-south-east  of  this  mountam,  near 
the  Indian  village  of  Calpi,  lies  the  volcanic  cone  of  Yana-urcu,  which 
I  carefully  investigated  in  concert  with  Bonpland,  and  which  is  cer- 
tainly of  more  recent  origin  then  the  elevation  of  the  great  dome- 
shaped  trachytic  mountain,  in  which  neither  I  nor  Boussingault  covdd 
discover  anything  analogous  to  a  crater.  See  the  Ascent  of  Ohimboraeo 
in  my  Kleine  Sdirifien,  Bd.  i,  s>  138. 

^  Baily,  £xper,  vjitk  the  Torsion  Rod  for  determining  the  mean  density 
of  the  earth,  1843,  p.  6;  John  Herschel,  Memoir  of  Framcis  BaHy, 
1845,  p.  24. 

^  Beich,  iVinte  Versvbchemit  der  JDrehwage,  in  the  Ahhandl,  dermathem. 
physischen  Classe  der  Kdn.  Sdchsischen  CkseUschaft  der  WisseTMchafien  sm 
Zeipeig,  1852,  Bd.  i,  s.  405,  418.  The  most  recent  experiments  of  my 
respected  friend  Professor  Reich,  approximate  somewhat  more  closely 
to  the  results  given  in  Baily's  admirable  work.  I  have  obtained  the 
mean  5.6772  from  the  whole  series  of  experiments :  (a)  with  the  tin 
bdl  and  the  longer  thicker  copper  wire,  the  result  was  5.5712,  with  a 
probable  error  of  0.0113;  (b)  with  the  tin  ball,  and  with  the  shorter 
thinner  copper  wire,  as  well  as  with  the  tin  ball  and  the  bi-filar  iron 
wire,  5.5832,  with  a  probable  error  of  0.0149.  Taking  this  error  into 
account,  the  mean  in  (a)  and  (b)  is  5.5756.  The  result  obtained  by  Baily, 
and  which  was  certainly  deduced  from  a  larger  number  of  experiments 
(5.660),  might  indeed  give  us  a  somewhat  higher  density,  as  it  obviously 
rose  in  proportion  to  the  greater  lightness  of  the  balls  that  were  used 
in  the  experiments,  which  were  either  of  glass  or  ivory.  (Reich  in 
pQggend.  Amtalen,  Bd.  Ixxxv,  s.  190.  Compare  also  Whitehead  Heam 
in  the  PhUos.  Transact,  for  1847,  pp.  2l7-~229.)  The  motion  of  the 
torsion  balance  was  observed  by  Baily  by  means  of  the  reflection  of  a 
scale  obtained  from  a  miiror,  which  was  attached  to  the  middle  of  the 
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The  whole  may  in  accordance  with  the  present  state  of  our 
knowledge  be  arranged  in  the  following  manner  : — 

Shehallien,  according  to  the  mean  of  the  maximum 
4.867  and  the  minimum  4.559,  as  found  by  Play- 
fair 4.713 

Mont  Cents,  observations  of  Carlini,  with  the  cor- 
rection of  Giulio, 4.950 

The  torsion-balance,  Cavendish  (according  to  Baily's 

calculation)  5.448 

Keich,  1838 5.440 

Baily,  1842 5.660 

Reich,  1847—1850 5.577 

The  mean  of  the  two  last  results  gives  5,62  for  the  density 
of  the  earth  (taking  that  of  water  as  1),  and  consequently 
much  more  than  the  densest  finely  granular  basalt,  which 
according  to  the  numerous  experiments  of  Leonhard  varies 
from  2.95  to  3.67,  and  more  than  that  of  magnetic  iron  (4,9 
to  5.2),  and  not  much  less  than  that  of  the  native  arsenic  of 
Marienberg  or  Joachimsthal.  We  have  already  elsewhere 
observed  (Cosmos,  vol,  i,  p.  159)  that  from  the  great  distribu- 
tion of  secondary  and  tertiary  formations,  and  of  those  up- 
heaved strata  which  constitute  the  visible  continental  part  of 
our  earth's  surface  (the  plutonic  and  volcanic  upheavals 
being  scattered  in  the  form  of  islands  over  a  small  area  of 
space),  the  solid  portion  of  the  upper  part  of  the  earth's  crust 
possesses  a  density  scarcely  reaching  from  2.4  to  2.6.  If  we 
assume  with  Higaud  that  the  relation  of  the  solid  to  the 
fluid  oceanic  surface  of  our  globe  is  as  10  :  27,  and  if  further 
we  consider  that  the  latter  has  been  found  by  experiments 
with  the  sounding  lead  to  extend  to  a  depth  of  27,700  feet, 
the  v^hole  density  of  the  upper  strata,  which  underlie  the  dry 
and  oceanic  surfaces,  scarcely  equals  1.5.  The  distinguished 
geometrician  Plana  has  correctly  observed  that  the  author  of 
the  Mecanique  Celeste  was  in  error,  when  he  ascribed  to  the 
upper  stratum  of  the  earth  a  density  equal  to  that  of  granite, 

balance,  a  method  that  had  been  first  suggested  by  Belch,  and  was 
ouployed  by  Gauss  in  his  magnetic  observations.  The  use  of  such  a 
mirror,  which  is  of  great  importance  from  the  exactoess  with  which 
the  scale  may  be  read  off,  was  proposed  by  Poggendorff  as  early  as  the 
year  1826    {Armalen  der  Physih  Bd.  vii,  s.  121). 
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which^  moreover,  he  estimated  somewhat  highly  at  3,  which 
would  give  him  10.047  for  the  density  of  the  centre  of  the 
earth.**  This  density  would,  according  to  Plana,  be  1 6.27  ii 
we  assume  that  of  the  upper  strata  =  1.83,  which  differs 
but  slightly  from  the  total  density  of  1 .5  or  1 .6  of  the  earth's 
crust.  The  vertical  pendulum,  no  less  than  the  horizontal 
torsion  balance,  may  certainly  be  designated  as  a  geognostic 
instrument;  but  the  geology  of  the  inaccessible  parts  of  the 
interior  of  our  globe  is,  like  the  astrognosy  of  tne  unillumi- 
nated  celestial  bodies,  to  be  received  with  considerable  cau- 

^  Laplace,  Miecmique  CSleste,  6d.  de  1846,  t.  v,  p^  57.    The  mean 
specifio  weight  of  granite  cannot  be  set  down  at  more  than  2.7,  sinoe 
the  bi-axial  white  potash-mica,  and  green  uni-azial  magnesia-mica  range 
from  2.85  to  3.1,  whilst  the  other  constituents  of  t&  rock,  namely 
quartz  and  felspar  are  2.56  and  2.65.    Even  oligoclase  is  only  2.68.    II 
hornblende  rises  as  high  as  3.17,  syenite,  in  which  felspar  idways  pre- 
dominates, never  rises  above  2.8.    As  argillaceous  schist  varies  from 
2.69  to  2.78,  while  pure  dolomite,  lying  below  limestone,  equals  only 
2.88,  chalk  2.72,  and  gypsum  and  rocksalt  only  2.3,  I  consider  that 
the  density  of  those  continental  parts  of  the  crust  of  our  earth,  which 
are  appreciable  to  us  should  be  placed  at  2.6  rather  than  at  2.4.    La- 
place, on  the  supposition  that  the  earth's  density  increases  in  arith- 
metical progression  from  the  surface  towards  the  centre,  and  on  the 
assumption  (which  is  assuredly  erroneous)  that  the  density  of  the 
upper  stratum  is  equal  to  3,  has  found  4.7647  for  the  mean  density  of 
the  whole  earth,  which  deviates  very  considerably  from  the  results  ob- 
tained by  Reich  (5.577)  and  by  Baily  (5.660);  this  deviation  being  much 
greater  wan  could  be  accounted  for  by  the  probable  error  of  observa- 
tion.    In  a  recent  discussion  on  the  hypothesis  of  Laplace,  which  will 
soon  form  a  very  interesting  paper  in  Schumacher's  Attr,  NachricfUen, 
Plana  has  arrived  at  the  result  that,  by  a  different  method  of  treating 
this  hypothesiB,  Reich's  mean  density  of  the  earth,  and  the  density  of 
the  dry  and  oceanic  superficial  strata,   which  I  estimated  at  1.6,  as 
well  as  the  ellipticity,  within  the  limits  that  seem  pi:obable  for  the  latter 
value,  may  be  very  closely  approximated  to.     "  If  the  compressibility 
of  the  substances  of  which  the  earth  is  formed,"  writes  the  Turin  geo- 
metrician, "has  given  rise  to  regular  strata,  nearly  elliptical  in  form, 
and  having  a  density  which  increases  from  the  surface  towards  the 
centre,  we  may  be  allowed  to  suppose  that  these  strata,  in  the  act  of 
Becoming  consolidated,  have  ezperuinced  modifications,  which,  although 
they  are  actually  very  small,  are  nevertheless  lai^  enough  to  preclude 
the  possibility  of  our  deducing,  with  all  the  precision  that  we  could 
desire,  the  condition  of  the  solid  earth  from  ito  prior  state  of  fluidity. 
This  reflection  has  made  me  attach  the  greater  weight  to  the  first 
hypothesis  advanced  by  the  author  of  the  Micdniqtte  Cileste,  and  I 
have  consequently  determined  upon  submitting  it  to  a  new  investi- 
gation." 

VOL.  V.  D 


34  £OfiUQ& 

tion.  In  a  portion  of  my  wori5:,-wludi  treats  of  volcanic  pheno- 
mena, I  cannot  wholly  pass  in  silenoe  thoae  problems,  which 
have  been  suggested  by  other  inquirers  in  reference  to  the 
currents  pervading  the  general  fluid  in  the  interior  of  our 
planet,  or  the '  probable  or  improbable  periodically  ebbing 
and  flowing  movement  in  individual  and  imperfectly  filled 
basms,  or  the  eaafcenoe  of  rportioas  of  space,  haviBg  a  very 
low  specific  gravity  and  underlying  'the  upheaved  mouBiiain 
chains.^  %i  a  work  devoted  to  oosmical  phenomeoa 
no  question  should  be  oveiiooked  on  which  aQtiuilobaenRa* 
tions  have  been  instituted,  or  which  may  seem  to  be  eluci- 
dated bf^  close  analogies. 

b.  The  Eadetenee  and  Distribution  of  Seat  in  the  interior  (ff 

our  'Qlohe, 

(Ikpansion  of  the  Delineation  of.Naikare^ 
^(h8mo9,  voL  i,  pp.  1-60 — 166.) 

Consid^Ations  regardmg  the  internal  heact  ^f  our  eaerth^ 
the  importance  of  which  has  been  gresttly  augmented  by -the 
connection  which  is  now  generally  recognised  to  exkt  be- 
tween it  and  phenomena  of  upheavals  and  of  volcanic  taction, 
are  based  pavtly  upon  direct,  and  therefore  incantro^vartible 
measurements  of  temperature  in  spirings,  borings,  and  sub- 
terranean mines,  and  partly  upon  andlytical  combinations 
regarding  the  gmduaJ  cooling  of  our  j^ianet,  and  the  influence 
which 'the  d«crease  of  heat  mss^  have*€aeroised  in  pnmeval 
ages  upon  i;he  velocity  of  rotation  and  upon  ^he '  direction 
of  the  currents  of  'hitemal  'heat.*  The  'figure  -  of  ^Ire  com- 
psessed  terrestrial  sj^eroid  is  further  dependeiit  npon  rthe 
law,  according  to  which  density  increases  in  t^ncentric 
superimposed  'non-hanftogeneous  strata.  vThefint  tor 'experi- 
mental, and  ^herefove  ^he  more  certain  fporfcion  of  -the  in- 
vestigation to  whidh  WB  shall  limit  ourselves  in  the  present 
place,  throws  li^ht  -^lody  upon  the  accessible  crust  of  the 
earth,  which  is -of  very  inconsiderable  thioknes^  whilst  the 

29  See  Petit  twr  la  IcUitude  de  V  Ohservatoire  de  Wavloiue,  la  densUi 
mofyerme  de  la  dtaine  des  PyrSn^es,  et  la  prohahUiU  qy>U  exists  un  vide 
eous  cette  ckaine,  in  the  Conpptes  rendus  de  VAcad.  des  ^r,  t.  xxi^,  1S^Q> 
p.  730. 

^  Cosmos,  vol  j,  p.  169. 
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second  or  mathematical  part,  in  ficoordance  with  fche  nature 
of  its  applications,  yields  rather  negative  than  positive  results. 
This  method  of  enquiry,  which  possesses  all  the  charm  of 
ingenious  and  intellectual  combinations  of  thought,®*  leads 
to  problems,  which  cannot  be  wholly  overlooked  when  we 
touch  upon  conjectures  ^regarding  the  origin  of  volcanic 
forces,  and  the  reaction  of 'the  fused  interior  upon  the  solid 
external  crust  of  our  earth.  Plato's  geognostic  myth  of 
the  Pyriphlegethon,®*  as  the  origin  of  all  tlmrmic  springs  as 
well  as  of  volcanic  igneous  currents,  emanated  from  the  early 
and  generally  felt  requirement  of  discovering  some  common 
eause  for  a  great  and  complicated  s^es  of  phenomena. 

Amid  the  multiplicity  of  relations  presented  by  the 
earth's  surface,  in  respect  to  insolation  (solar  action)  and 
its  capacity  of  radiating  heat,  and  amid  ihe  great  differences 
in  the  capacity  for  conducting  'heat,  which  varies  in  ac- 
cordance with  the  composition  and  density  of  hetero- 
geneous rocks,  it  is  worthy  of  notice,  that  wherever  the 
6b8ev¥ati(ms  have  been  conducted  with  care,  and  under 
favourable  dircumstanceg,  the  increase  of  the  temperature 
with  the  depth  has  been  found  to  present  for  the  most  part 
very  closely  coinciding  results,  even  at  very  different  lo-* 
enUties.  For  very  great  depths  we  obtain  the  most  certain 
results  from  Artedian  wells,  especially  when  they  are  filled 
witli«ftiddB'thatliave  been  rendered  turbid  by  the  admixture 
of  clay,  and  are 'therefore  less  favourable  to  the  passage  of 
internal  currents,  and  y^hmi  they  do  not  rec^ve  many  lateral 
affluents  flowing  into  them  at  different  elevations  through 
traiMBv^Ke  •fissores.  On  account  of  their  depth,  we  will 
begin  with  two  of  the  most  remarkable  Artesian  wells, 
namely  that  of  Grenelle,  near  Patris,  and  that  of  the  New 
Salt  Works  at  Oeyilhausen,  near  Minden.  We  wiU  proceed 
in  the  fGllowingpar«Lg!»|>h'to  give  some  of  the  most  accurate 
results  whi<jh  they  h*v«  yiddei 

Acoording  to  thejn^nious  measm?einents  of  iWalferdin,^ 

^  Hopkins,  PkyiicaX  Otology y  in- the  Report  of  the  £nti$h  Association 
for  1888,  p.'^;  PhUo8.Tra»9ai^„lSZ9,  pt.  ii,,p.  "381,  and  1840,  pt."  i, 
p.  198  ;  Heuness^  {T^fT^tncil  Pkyms)  in  the  Philos.  Trg^MOCt.,  1851^ 
pt  ii,  pp.  504—5^. 

*  Oo9mo8,  vol.  i,  p.-  ^S. 

®  The  observations  of  Walferdin  were  made  in  the  autumn  of  184^, 
and  deviate  very  slightly  from  the  results  obtained  with  the  same  appa- 

d2 
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to  whom  we  are  indebted  for  a  complete  series  of  very  deli- 
cate apparatus  for  determinations  of  temperature  at  great 
df  pths  in  the  sea  and  in  springs,  the  surface  of  the  basin 
of  the  well  at  Grenelle  lies  at  an  elevation  of  36.24  metres 
or  119  feet  above  the  level  of  the  sea.  The  upper  outlet 
of  the  ascending  spring  is  33.33  metres  or  109.3  feet  higher. 
This  total  elevation  of  the  ascending  water  (69.57  metres  or 
228.2  feet)  is,  when  compared  with  the  level  of  the  sea  about 
196*8  feet  lower  than  the  outbreak  of  the  green  sandstone 
strata  in  the  hills  near  Lusigny,  south-east  of  Paris,  to 
whose  infiltrations  the  rise  of  the  waters  in  the  Artesian 
wells  at  Cicenelle  have  been  ascribed.  The  borings  extend 
to  a  depth  of  547  metres  or  1794.6  feet  below  the  base  of 
the  Grenelle  basin,  or  about  510.76  metres  or  1675  feet 
below  the  level  of  the  sea ;  the  waters  consequently  rise  to  a 
total  height  of  580.33  metres  or  1904  feet.  The  tempe- 
rature of  the  spring  is  8l°.95  F. ;  consequently  the  increase 
of  heat  marks  1°  F.  for  about  every  59  feet. 

The  boring  at  the  New  Salt  Works  at  Rehme  is  situated 
231  feet  above  the  level  of  the  sea  (above  the  watermark  at 
Amsterdam).  It  has  penetrated  to  an  absolute  depth  of  2281 
feet  below  the  surface  of  the  earth,  measuring  from  the  point 
y<  here  the  operations  were  begun.  The  salt  spring  which, 
when  it  bursts  forth,  is  impregnated  with  a  large  quantity 
of  carbonic  acid,  lies  therefore  2052  feet  below  the  level  of 
the  sea,  a  relative  depth  which  is  perhaps  the  greatest  that 
has  ever  been  reached  by  man  in  the  interior  of  the  earth. 
The  temperature  of  the  salt  spring  at  the  New  Salt  Works 
of  Oeynhausen  is  9F04F.,  and  as  the  mean  annual  tem- 
perature of  the  air  at  these  works  is  about  49°.  3  F.,  we 
may  assume  that  there  is  an  increase  of  temperature  of 
1°  F.  for  every  54.68  feet.  The  boring  at  these  Salt  Works'* 
is  therefore  491  feet  absolutely  deeper  than  the  boring  at 

ratus,  by  Arago,  in  1840,  at  a  depth  of  1667  feet,  when  the  borer  had 
left  the  chalk  and  was  beginning  to  penetrate  through  the  gault.  See 
Cosmos,  vol.  i,  p.  167,  and  Comptes  rendus,  t.  xi,  1840,  p.  707. 

'*  According  to  the  manuscript  results  given  by  the  superintendent 
of  the  mines  of  Oeynhausen.  See  Cosmos,  voL  i,  pp.  148,  166 ;  and 
Bischdf,  Lekrhuch  der  Chem.  und  Phys.  Geologic,  Bd.  i,  Abth.  1,  s.  154 
— 163.  In  regard  to  absolute  depth,  the  borings  at  Mondorf,  in  the 
Grand  Duchy  of  Luxemburg  (2202  feet),  approach  most  nearly  to  those 
at  the  new  salt  works  at  Oeynhausen. 
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Grenelle  ;  it  sinks  377  feet  deeper  below  the  surface  of  the 
se%  and  the  temperature  of  its  waters  is  9M8  E.  higher. 
The  increase  of  the  heat  at  Paris,  is  about  V  F,  for  59 
feet,  and  therefore  scarcely  -^th  greater.  I  have  already  else- 
where drawn  attention  to  the  fact  that  a  similar  result  was 
obtained  by  Auguste  de  la  Rive  and  Marcet,  at  Br^gny,  near 
Geneva,  in  investigating  a  boring  which  was  only  725  feet 
in  depth,  although  it  was  situated  at  an  elevanon  of  more 
than  1600  feet  above  the  Mediterranean  Sea.*^ 

If  to  these  three  springs,  which  possess  an  absolute  depth 
varying  between  725  feet  and  2285  feet,  we  add  another,  that 
of  Monkweannouth,  near  Newcastle,  (the  water  rising 
through  a  coal  mine  which,  according  to  Phillips  is  worked 
at  a  depth  of  1496  feet  below  the  level  of  the  sea,)  we 
shall  find  this  remarkable  result,  that  at  four  places  widely 
separated  from  one  another  an  increase  of  heat  of  1^  E. 
varies  only  between  54  and  58.6  feet  f^  such  a  coincidence 
in  the  results  cannot,  however,  be  always  expected  to  occur 
when  we  consider  the  nature  of  the  means  which  are  em- 
ployed for  determining  the  internal  heat  of  the  earth  at 
definite  depths.  Although  we  may  assume  that  the  water 
which  is  infiltrated  in  elevated  positions  throiigh  hydrostatic 
pressure  as  in  connected  tubes,  may  influence  the  rising  of 
springs  at  points  of  great  depth,  and  that  the  subterranean 

»5  Camos,  vol.  i,  p.  166,  and  Mimoires  de  la  SocUU  cTffist,  NatureUe  de 
Oenhfe,  t.  vi,  1833,  p.  248.  The  comparison  of  a  number  of  Artesian 
weUs  in  the  neighbourhood  of  Lille,  with  those  of  Saint  Ouen  and 
Qeneva  would,  indeed,  lead  us  to  assume,  if  we  were  quite  certain  as  to 
the  accuracy  of  the  numerical  data,  that  the  different  conductive  powers 
of  terrestriikl  and  rooky  strata  exert  a  more  considerable  influence 
than  has  generally  been  supposed  (Poisson,  TTUorie  Math^matique  de 
la  Chalewr,  p.  421). 

^  In  a  table  of  fourteen  borings,  which  were  more  than  one  hundred 
yards  in  depth,  and  which  were  situated  in  various  parts  of  France, 
Bravais,  in  his  very  instructive  encyclopaedic  memoir  in  the  Patria, 
1847,  p.  145,  indicates  nine  in  which  an  increase  of  temperature  of 
1*  P.  is  found  to  occur  for  every  60—70  feet  of  depth,  which  would 
give  a  deviation  of  about  10  feet  in  either  direction  from  the  mean 
value  given  in  the  text.  See  also  Magnus  in  Foggen.  Ann,  Bd.  xxii,  1831, 
8. 146.  It  would  appear,  on  the  whole,  that  the  increase  of  tempera- 
ture is  most  rapid  in  Artesian  wells  of  very  inconsiderable  depth, 
although  the  very  deep  wells  of  Monte  Massi  in  Tuscany,  and  Neufieu 
on  the  north-west  part  of  the  Swabian  Alps,  present  a  remarkable  ex- 
oeption  to  this  rule. 
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'wiaters  acquire  the  temperature  of  the  terrestrial  strata  with 
which  they  are  brought  in  contact,  the  water  that  is  ob- 
tained through  borings  may,  in  certain  cases,  when  communi- 
cating with  vertically  descending  fissures^  obtain  some  aug^ 
mentation  of  heat  from  an  inaccessible  depth.  An  influence 
of  this  kind,  which  is  very  different  from  that  of  the  vaiying 
conductive  power  of  different  rocks,  may  occur  at  individual 
points  widely  distant  from-  the  original  boring.  It  is  pro- 
bable that  the  waters  iti  the  interior  of  our  earth  move  in 
some  cases  within  limits  i^oes,  flowing:  either  in  streams 
through  fissures  (on<  which  account  it  is  not  unusual  to  find 
that  a  few  only  of  a  large  number  of  contig;i»Mi»  borings  prove 
successful),  or  else  follow  a  horizontal  direction,  and  thus  form 
extensive  basins — a  relation  wkioh  greatly  favours  the  labour 
of  boring,  and  in  some  rare  oases  betrayer  by  the  presence  of 
eels,  mussels,  or  vegetable  remains,  a  connection  with  the 
earth's  surface.  Although  from  the  causes  which  we  have 
already  indicated,  the*  ascending  springs  are  sometimes 
warmer  than  the  slight  depth  of  the  boring  would  lead 
us  to  anticipate,  the  afflux  of  colder  wafcer  which,  flows 
lateraUy  throt^h  transverse  fissures  leads  to'  an  opposite 
result. 

It  has  already  been  observed  that  points  situated  on  the 
same  vertical  line  at  an  inconsiderable  depth  within  the 
interior  of  our  earth,  experience  at  very  different  times 
the  maximum  and  minimum  of  atmospheric  temperat'Ure, 
which  is  modified  by  the  sun's  place,  and  by  the  seasons  of 
the  year.  According  to  the  very  accurate  observations  of 
Quetelet,  daily  variations  of  temperature  are  not  percep- 
tible ait  depths  of  3fths  feet  below  the  surface;*  and  at 
Brussels,  the  highest  temperature  was  not  indicated  until 
the  10th  of  December  in  a  thermometer  which  had  been 
sunk  to  a  depth  of  more  than  25  feet,  whilst  the  lowest  tem- 
perature was  observed  on  the  15th  of  June.  In  like  manner, 
in  the  admirable  experiments  made  by  Professor  Forbes,  in 
the  neighbourhood  of  Edinburgh,  on  the  conductive  power  of 
different  rooks,  the  maximum  of  heat  was  not  observed  until 
the  8th  of  January  in  the  basaltic  tifW)  of  Calton  Hill  at 
a  depth  of  24  feet  below  the  surface.**"    It  would  appear 

^  Quetelet,  in  the  ByUain  de  VAead,  de  BnugOleSy  18S6,  p.  76. 

88  Forbes,  Exper,  on  the  temperature  of  tlie  earth  at  difirmt  depths 
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from  the  observations  which  were  earned  on  for  many 
years  by  Arago  in  the  garden  of  the  Paris  Observatory,  that 
v«ry  small  differences  of  temperature  were  perceptible  30 
feet  below  the  surfaea  Bravais  calculated  one  degree  for 
about  every  50  feet  on  the  high  northern-  latitude  or  Bosse- 
kop,  in  Knmark  (69°  5S'  IV. L.).  The  difterence  between 
the  highest  and  lowest  annual  temperature  diminishes  in 
proportion  with  the-  depth,  and  according  to  Fourrier  this 
diflference  diminishes  in  a  geometrical  proportion  as>  the 
depth  increase!*  in?  an  mfiimetical  ratio. 

The  stratum  of  invariable  tefjrperature  depends,  in-  respect 
to  its-  depthj  conjointly  upon  the  latitude  of  the  place, 
th©  concfoctive  power  of  the  surroimding  strata  and  the 
amount  of  difference  of  temperature  between  the  hottest 
and  the  coldest  seasons  of  the  year.  In  the  latitude 
of  Paris  (48°  50')  the  depth  and  temperature  of  the  Caves 
d€  rOl^ervatoire  (86  feet  and  53^30  P.)  are  usually  re- 
garded as  alRirding  the  amount  of  depth  and  temperature 
of  the  invariable  stratimi.  Since  Cassini  and  Legentil  in 
1T83  placed  a  vwy  correct  mercurial  thermomieter  fii 
theso  subterraneaai  caves,  which  are  portions  of  cdd  stone 
quarries,  the  mercury  in  the-  tube  has  risen  about  0^4." 
Whether  the  cause  of  this  rising  is-  to  be  ascribed  to  an 
accidental  alteration  in  the  thermometrical  scale-  which, 
however,  was  adjusted  by  Arago  in  1817  with  his  usual 
care,  or  whether  it  indicates  an  actual  increase  of  heat  is 
stitl  undecided.  The  mean  temperature  of  the  air  at  Paris 
iJB  51°.  478- P.  Bravais  is  of  opinion  that  the  thermometer 
in  the  Caves  de  rObeervaioire  st>an<ls  below  the  limit  of 
invariable-  temperature,  although  Cassini  believes  that  he 
has  found  a  di&r^ice  of -^*^ths  of  a  degree  (Pi»hr.)  between 
the  winter  and  summer  tempei;ature>  the  higher  tempe- 

in  the  Ttmu^  of  £ic  Boifoi  SoBi  of  Sdianhurgl^  voL.  zvi,  IS^-^,  pt  ii, 
p.  XS9< 

^  AU  numbeiSTflferriDg  to  tha  tcmperaiurc  of  the  Caves  de  VOhiet' 
vatotre  have  been  taken  from  the  work  of  Poisson,  Tkiorie  Mat/iSmof 
Hque  diFla  Chaleuir,  pp.  415  and  462.  ThsAnnuairt  Miteorologique  de  la 
France,  edited  by  Martins  and  Hnegkens,  IS49,  p»  88*  containa  oorpec- 
tiona  by  Qay-Lussac  for  Lavoisier's  subterranean  thermometer.  The 
mean  of  Imree  readings,  from  Jane  till  August,  wa»  (S^.OS  F.  for 
tixiB  theFmometer,  at  a  time  when  Gay-Lussac  found  the  temperaturs 
to  be  68*'.32,  which  was  therefore  a  difference  of  0*.  6». 
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rature  being  found  to  prevail  in  the  winter.*^  If  we  now 
take  the  mean  of  many  observations  of  the  temperature 
of  the  soil  between  the  parallels  of  Zurich  (47^  22')  and 
Upsala  (59°  51'),  we  obtain  an  increase  of  1°  F.  for  every 
40  feet.  Differences  of  latitude  cannot  produce  a  difference 
of  more  than  12  or  15  feet,  which  is  not  marked  by  any 
regular  alteration  from  south  to  north,  because  the  influence 
which  the  latitude  undoubtedly  exerts,  is  masked  within 
these  narrow  limits  by  the  influence  of  the  conductive 
power  of  the  soil,  and  by  errors  of  observation. 

As  the  terrestrial  stratum  in  which  we  first  cease  to  ob- 
serve any  alteration  of  temperature  through  the  whole  year 
lies,  according  to  the  theory  of  the  distribution  of  heat,  so 
much  the  nearer  the  surface,  as  the  maxima  and  minima  of 
the  mean  annual  temperature  approximate  to  one  another,  a 
consideration  of  this  subject  has  led  my  friend  Boussingault 
to  the  ingenious  and  convenient  method  of  determining  the 
mean  temperature  of  a  place  within  the  tropical  r^ons 
(especially  between  10  degrees  north  and  south  of  the 
equator)  by  observing  a  thermometer  which  has  been  baried 
8  or  12  inches  below  the  surface  of  the  soil  in  some  well 
protected  spot.  At  different  hours  and  different  months  of 
the  year,  as  in  the  experiments  of  Captain  Hall  near  the 
coast  of  the  Choco  in  Tumaco,  those  at  Salaza  in  Quito,  and 
those  of  Boussingault  in  la  Yega  de  Zupia,  Marmato,  and 
Anserma  Nuevo  in  the  Cauca  valley,  the  temperature 
scarcely  varied  one-tenth  of  a  degree ;  and  almost  within 
the  same  limits  it  was  identical  with  the  mean  temperature 
of  the  air  at  those  places  in  which  it  had  been  determined 
by  horary  observations.  It  was,  moreover,  very  remarkable 
that  this  identity  remained  perfectly  uniform,  whether  the 
thermometric  soundings  (of  less  than  one  foot  in  depth) 
were  made  on  the  torrid  shores  of  Guayaquil  and  Payta,  on 
the  Pacific,  or  in  an  Indian  village  on  the  side  of  the  volcano 
of  Purace,  which  I  found  from  my  barometrical  measure- 
ments to  be  situated  at  an  elevation  of  1356  toises,  or  8671 
feet  above  the  sea.  The  mean  temperatures  differed  by 
fully  25°  F.  at  these  different  stations.*^ 

^  Cassini,  in  the  Mim.  de  VAcad,  dea  Science$,  1786,  p.  511. 
*^  Boussingault,  stbr  la  profondeur  d  IciqtieUe  on  trouve  da/M  la  zone 
torride  la  couche  de  temperature  invariable,  in  the  AimcUea  de  Ohimie  tt 
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I  believe  that  special  attention  is  due  to  two  observations 
wbicb  I  made  on  the  mountains  of  Peru  and  Mexico^  in 
mines  which  lie  at  a  greater  elevation  than  the  summit  of. 
the  Peak  of  Teneriffe,  and  are  therefore  the  highest  in  which 
a  thermometer  has  ever  been  placed.  At  a  height  of 
between  12,000  and  13,000  feet  above  the  level  of  the  sea 
I  found  the  subterranean  air  25°  F.  warmer  than  the 
external  atmosphere.  Thus,  for  instance,  the  little  Peruvian 
town  of  Micuipampa^  lies,  according  to  mj  astronomical 
and  hypsometrical  observations,  in  the  latitude  6°  43'  S., 
and  at  an  elevation  of  1857  toises  or  11,990  feet,  at  the 
base  of  Oerro  de  Gualgayoc,  celebrated  for  the  richness  of 
its  silver  mines.  The  summit  of  this  almost  isolated 
fortress-like  and  picturesquely  situated  mountain  rises  240 
toises  or  1504  feet  higher  than  the  streets  of  Micuipampa  ; 
the  external  air  at  a  distance  from  the  mouth  of  the  pit  of 

de  Physique,  t.  liii,  1833,  pp.  225 — 247.  Objections  have  been  adyanced 
by  John  Caldecott,  the  astronomer  to  the  Bajah  of  Travancore,  and  by 
CSftptain  Newbold,  in  liidia,  against  the  method  recommended  in  this 
memoir,  although  it  has  been  employed  in  South  America  in  many 
very  accurate  experiments.  Galdecott  found  at  Trevandrum  {Edin, 
TraneoLct,  vol.  xvi,  part  iii,  pp.  379 — 393),  that  the  temperature  of  the 
soil  at  a  depth  of  three  feet  and  more  below  the  surface,  (and  therefore 
deeper  than  Boussingault's  calculation,)  was  85°  and  86®  F.,  while  the 
mean  temperature  of  the  air  was  80^.02.  Newbold's  experiments  {Philos. 
Trctnsact,  for  the  year  1845,  pt.  i,  p.  133),  which  were  made  at  Bellary, 
lat.  15**  5',  showed  an  increase  of  temperature  of  4®  F.  between  sunrise 
and  2  p.m.  for  one  foot  of  depth,  but  at  Cassai^gode,  lat.  12°  29',  there 
was  only  an  increase  of  1°.30  F.,  under  a  cloudy  sky.  Is  it  quite  cer- 
tain that  the  thermometer  in  this  case  was  sufficiently  covered  to  pro- 
tect it  from  the  influence  of  the  sun*B  rays?  Compare  also  Forbes, 
Sxper.  on  the  Temp,  of  the  Earth  at  different  depths,  in  the  Edin,  Tran- 
sc^.  vol.  xvi,  part  ii,  p.  189.  Colonel  A.  Costa,  the  admirable  historian 
of  New  Granada,  has  made  a  prolonged  series  of  observations,  which 
fully  confirm  Boussingault's  statement,  and  which  were  completed, 
about  a  year  ago,  at  Guadua,  on  the  south-western  side  of  the  elevated 
plateau  of  Bogoto,  where  tibe  mean  annual  temperature  is  43°.94  F.  at 
the  depth  of  one  foot,  and  at  a  carefully  protected  spot.  Boussingault 
thus  refers  to  these  experiments: — ^"'The  observations  of  Colonel  A. 
Costa,  whose  extreme  precision  in  eveiything  which  is  connected  with 
meteorology  is  well  known  to  you,  prove  that  whea  fully  sheltered  from 
aU  disturbing  infiiunces,  the  temperature  within  the  tropics  remains 
constant  at  a  very  small  depth  below  the  surface." 

^  In  reference  to  Gualgayoc  (or  Minas  de  Chota)  and  Micuipampa, 
see  Humboldt^  RecueU  d^Observ,  Astron,  vol.  i,  p.  824. 
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the  Mina  del  Purgatono  was  4:2°, 26  F.,  but  in  the  interior 
of  the  mine,  which  lies  more  than  2057  toises,  or  13,154  feet 
above  the  sea,  I  saw  that  the  thermometw  everywhere  indi- 
cated a  temperature  of  67^64- E.,  there  being  thus  a  diffexL 
ence  of  25^38  F.  The^  limestone  rock  was  here  perfectly- 
dry,  and  very  few  men  were  working  in  the  mine.  In  ihe 
Mina  de  Quadalupe,  winch  lies  at  the  same  elevation,  I 
£Dund  that  the  temperature  of  the  internal  air  was  57^.9  £., 
showing  therefore  a  difference  of  15^64  F.  when  compared 
with  the  external  air.  Thei  wat^  which  flowed  out  from 
the  very  damp  muie  stood-  at  52^.34  F^  The  mean  annual 
temperature  of  Micuipampa  is  probably  not  more  than 
45°.  8  F.  In  MexioO)  in  the  ridk  silver  mines  of  Guanaxuate,^ 
I  found  in  the  Mina  de  Yalenoiana  the  external  temperature 
in  the  neighbourhood  of  the  Tiro  Nuevo  (which  is  759Q  feet 
above  the  sea)  70°.  16  F.,  and  the  air  in  the  deepest  mines,  £or 
instance  in  the  Planes  de  San  Bernardo,  1630  feet  below  the 
opening  of  the  shaft  of  Tiro  Nuevo^  fully  80°.  6  F.,  which  is 
about  the  mean  temperature  of  the  littoral  region  of  the 
Gulf  of  Mexico.  At  a  point  147  feet  higher  than  the 
mouth  of  the  Planes  de  San  Bernardo,  a  spring  of  water 
issues  &om  the  transverse  roek,  in  which  the  temperature  is 
84^.74  F.  I  determined  the  latitude  of  the- mountain  town 
of  Guanaxuato  to  be  2V  0'  I^.,  with  a  mean  annual  tem- 
perature varying  between  60°.44  and  61°.26  F.  The  present 
is  not  a  fitting  place  in. which  to  advance  conjectures,  which 
it  might  be  difficult  to  establish  in  relation  to  the  causes  of 
probably  an  entirely  local  rise  of  the  subterranean  temperar 
ture  at  mountain  elevations,  varying  from  6000  to  more 
than  12,000  feet. 

A  remarkable  contrast  i»  exhibited  in  the  steppes  of  Nor- 
thern Aiday  by  the  conctitiona  of  the  frozen  soil,  whose  very 
existence  was  doubted,  notwithstanding  the  early  testimony 
of  Gmelin  and  Pallas.  It  is  only  in  recent  times  that  cor- 
rect viewa  in  relation  to  the  distribution  and  thickness  of 
the  stratum  of  subterraneaaai  ice  have  been  established  by 
means  of  the  admirable  investigations  of  Erman,  Baer^  and 
Middendorff.  In  accordance  with  the  descriptions  given  oi 
Greenland  by  Cranz,  of  Spitzbergen  by  Martens  and  Phipps, 

^  Essai  PcUt,  sur  le  Soy.  de  la  Nmw,  E»p<sgne  (2^me  ed.,  t.  iii, 
p.  201). 


TnE  FBOZJSN   SOIL.  43 

and  of  the  coasts  of  the  sea  of  Elara  bySujew,  the  whole  of  tJie 
most  northern  part  of  Siberia  was  described  by  too  hasty  a 
^neralization  as  entirely  deroid  of  vegetation,  always  frozen 
on  the  surface,  and  covered  with  perpetaal  snow,  even  in  the 
pkins.  The  extreme  limit  of  v^etation  in  Northern  Asia 
is  not^  as  wa«  long,  assumed',  in  the  parallebofr  &l°,  although 
sea  -winds  and  the  neighbourhood  of  the  Bay  of  Obi  make 
this  estimate  true-  for  Obdordt ;  for  in  the*  valley  of  the 
great  Blver  Lena,  b^h  tosses  grovr  as  £ar  norths  as  ihie  lati- 
tude of  71°.  Even,  in  the  desolate  islands  of  New  Siberia, 
large  herds  of  reindeer  and  countless  lemmings  find  an 
adequate  nourishment.^  MiddeudorfTs  two  Siberian  expe- 
ditions, which  are  distinguished  by  a  spirit  of  keen  observa- 
tion, adventurous  daring,  and  the  greatest  perseverance  in  a 
laborious  undertaking,  were  extended  from  the  year  1843  to 
1846  as  far  north  as  the  Taymir  land  in  75°  45'lat.,  and 
south-east  as  far  as  the  Upper  Amoor  and  the  Sea  of  Ochotsk. 
The  former  of  these  perilous  undertakings  led  the  learned 
investigator  into  a  hitherto  unvisited  region,  whose  explora- 
tion was  the  more  important  in  consequence  of  its  being 
.  situated  at  equal  distances  from  the  eastern  and  western 
coasts  of  the  oM  Continent.  In  addition  to  the  distribution 
of  organisms  iu  high  northern  latitudes,  as*  depending  mainly 
upon  climatie'  relations,  it  was  directed  hy  the  St.  Petevs- 
burgh  Academy  of  Sciences  that  the  accurate  determination 
of  the  temperature  of  the  ^und  ami.  of  the  thickness  of  the 
subterranean  frozen  soil  should  be  made  the  prmeipal  objeets 
of  the  expedition.  Observations  were  tMsAe  m  borings  and 
mines  at  a  depth  of  from  20  to  ^'  feet  at  more  than  twelve 
points  (near  Tumohandk:,.  on  the  Jeaieei^  and  on  the  Lena)  at 
relative  distances:  of  feom  1600  to  2000  geographical  miles« 

The  most  impostaaa^  seaiof  them  geothennic  obaervations 
wa»  howen^er  Seherj^n's  shaft  a*  J&i:u*sfc  62^  2^  N.  lat.^ 

^  B^Yoa  Bacr^in  mdiimAxeStBltmsiniSUf.,  B«L.i,  &  ^ii. 

^  The  merokuit  Kedov  Soheifgla,  cAshur  to-  thd  Russian- American 
Tsiding  Com^fiOky,  begttxi,  Ixi^tho  year  183d^tO'd%  tfWeH  in  the  court- 
yaid  of  a  kouse  beJiong^ug  to  tiie  caa^^aMj,  Asi  h»  had  only  found 
fresen  eartkacd  no  water  at  the.  depfth  of  90  iae^  triiieh  he  reached  in 
1330,  he  determittAdto  give  up  the  attemptv  until  Admiral  Wraogel, 
who  passed  Uirough  Jakutek  on  hifl  way  to  Sitchay  in  Russian  America, 
and  who  saw  bow  interesting  it  would  be,  in  a  soientifie  point  of  view, 
to  penetrate  through  thi&  subterranean;  stratum  of  iee^  induced  Sohergin 
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Here  a  subterranean  stratum  of  ice  was  pierced  to  a  depth 
of  more  than  382  feet.  The  thermometer  was  sunk  at 
eleven  points  along  the  lateral  wa.lls  of  the  shaft  between 
the  surface  and  the  greatest  depth,  which  was  reached  in 
1837.  The  observer  was  obliged  to  be  let  down  standing  in 
a  bucket,  with  one  arm  fastened  to  a  rope,  while  he  read  off 
the  thermometric  scale.  The  series  of  observations,  whose 
mean  error  does  not  amount  to  more  than  0^45  F.  embrace 
the  interval  between  April  1844  and  June  1846.  The 
decrease  of  cold  was  not  proportional  to  the  depth  at  indi- 
vidual points,  but  nevertheless  the  following  results  were 
obtained  for  the  total  increase  of  the  mean  temperatures  for 
the  different  superimposed  frozen  strata : — 

50  feet        -        -        -        17°.13R 
100    .,  -        -        .        20°.26 


150 
200 
250 
382 


21^43 
23°.27 
24°.49 
26°.60 


After  a  very  careful  consideration  of  all  these  observations, 
Middendorff  determined  the  general  increase  of  tempera- 
tiu^  to  be  1°  F.  for  every  space,  varying  from  44°.5  to  52 
feet.^    This  result  shows  a  more  rapid  increase  of  heat  in 

to  continue  the  boring ;  and,  up  to  1837>  although  an  opening  had 
been  made  to  a  depth  of  382  feet  below  the  surface,  it  had  not  pene- 
trated beyond  the  ice. 

^  MiddendorflT,  Eeise  t» Sib.  Bd.  i,  s.  125—133.  "If  we  exclude," 
says  MiddendorfiT,  "  those  depths  which  did  not  quite  reach  100  feet, 
on  the  ground  that  they  were  influenced  by  annual  deviations  of  tem- 
perature, as  was  determined  by  experiments  previously  made  in  Siberia, 
we  shall  still  find  certain  anomalies  in  the  partial  increase  of  heat. 
Thus,  for  instance,  between  Uie  depths  of  150 — 200  feet  the  tempera- 
ture rises  at  a  ratio  of  1**  P.  for  only  29.3  feet^  while  between  250 — 
300  feet  the  corresponding  increase  is  96.4  feet.  We  may,  therefore, 
venture  to  assert  that  tiie  results  of  observations  that  have  hitherto 
been  obtained  in  Shergin's  shaft  are  by  no  means  sufficient  to  deter- 
mine with  certainty  the  amount  of  the  increase  of  temperature,  and 
that,  notwithstanding  the  great  variations  which  may  depend  upon  the 
different  conductive  powers  of  the  terrestrial  strata,  and  the  disturbing 
influence  of  the  air  or  water  which  enters  from  above,  an  increase  of 
1*  F.  occurs  for  every  44 — 62  feet.  The  result  of  52  feet  is  the  mean  of 
six  partial  increases  of  temperature,  measured  at  intervals  of  50  feet 
between  the  depths  of  100  and  882  feet.    On  comparing  the  mean 
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Schergin's  shaft  than  has  been  obtained  from  different  bor- 
ings in  Central  Europe,  whose  results  approximate  closely  to 
one  another  (see  p.  37).  The  difference  fluctuates  between 
ith  and  l^th.  The  mean  annual  temperature  of  Jakutsk  was 
determined  at  13°.7  F.  The  oscillation  between  the  summer 
and  winter  temperature  is  so  great,  according  to  NeweroVs 
observations,  which  were  continued  for  fifteen  years  (from 
1829  to  1844),  that  sometiihes  for  fourteen  days  consecutiyely 
in  July  and  August,  the  atmospheric  temperature  rises  as 
high  as  77,°  or  even  84°,  6  F.,  while  during  120  consecutive 
winter  days  from  November  to  February,  the  cold  falls  to 
between  — 42°.  3  E.  and  — 69°  F.  In  estimating  the  increase 
of  temperature  which  was  found  on  boring  through  the 
frozen  soil,  we  must  take  into  accoimt  the  depth  below  the 

annual  temperature  of  Jakutsk  18^.71  F.  with  that  which  was  found 
from  observation  to  be  the  mean  temperature  of  the  ice  (26**.6)  at  the 
greatest  depth  of  the  mine  (382  feet),  I  find  29.6  feet  for  every  increase 
of  1°  F.  A  comparison  of  the  temperature  at  the  deepest  part  with 
that  at  a  depth  of  100  feet  would  give  44.4  feet  for  this  increase.  From 
the  acute  investigations  of  Middendorff  and  Peters  in  reference  to  the 
velocity  of  transmission  of  changes  of  atmospheric  temperature,  in- 
cluding the  maxima  of  cold  and  heat  (Middend.  s.  183 — 157,  168 — 175), 
it  follows  that  in  the  different  borings  which  do  not  exceed  the  in- 
considerable depth  of  from  8  to  20  feet,  "  the  temperature  rises  from 
March  to  October,  and  falls  from  November  to  April,  because  the 
spring  and  autunm  are  the  seasons  of  the  year  in  which  the  changes  of 
atmospheric  temperature  are  most  considerable"  (s.  142 — 145).  Even 
carefully  covered  mines  in  Northern  Siberia  become  gradually  cooled, 
in  consequence  of  the  walls  of  the  shafts  having  been  for  years  in  ccnq- 
tact  with  the  air;  this  cause,  however,  has  only  made  the  temperature 
fall  about  1°  F.  in  Schergin's  shaft,  in  the  course  of  eighteen  years. 
A  remarkable  and  hitherto  unexplained  phenomenon,  which  has  also 
presented  itself  in  the  Schergin  shaft,  is  the  warmth  occasionally  ob- 
served in  the  winter,  although  only  at  the  lowest  strata,  without  any 
appreciable  influence  from  without  (s.  156 — 178).  It  seems  stiU  more 
striking  to  me,  that  in  the  borings  at  Wedensk,  on  the  Pasina,  when 
the  atmospheric  temperature  is  —  31"  F.  it  should  be  26".-4  at  the 
inconsiderable  depth  of  5  or  10  feet  I  The  isogeothermal  lines,  whose 
direction  was  first  pointed  out  by  Kupffer,  in  his  admirable  in- 
vestigations {Cosmo8f  vol.  i,  p.  216)  will  long  continue  to  present  prob- 
lems that  we  are  unable  to  solve.  The  solution  of  these  problems  is 
more  especially  difi&cult  in  those  cases  in  which  the  complete  perfora- 
tion of  the  frozen  soil  is  a  work  of  considerable  time;  we  can,  however, 
no  longer  regard  the  frozen  soil  at  Jakutsk  as  a  merely  local  pheno- 
menon, which,  in  accordance  with  Slobin's  view,  is  produced  by  the 
terrestrial  strata  deposited  from  water  (Middend.  s.  167). 
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surface  at  which  the  ioe  exhibits  the  temperature  of  32^  F., 
and  which  is  consequently  the  nearest  to  the  lower  limit  of 
the  frozen  soil ;  according  to  MiddendorflTs  results  Which 
entirely  agree  with  those  that  'had  been  obtained  much  earlier 
by  Erman,  this  pomt  was 'found  in  Schergin's  shaffc  to  be  652, 
or  684  feet  below  the  surface.  It  would  appear,  however, 
from  the  increase  of  tempeifiture  whwh  was  observed  in  the 
mines  of  Mangan,  Bhilow  €uid  Dawydow,  which  are  situated 
at  about  three  or  four  miles  fr6m  Irkutsk,  in  the  chain  of 
hills  on  the  lefb  bank  of  the  Lena,  and  which  are  scarcely 
more  than  60  feet  in  depth,  that  the  normal  stratum*  of  perpe- 
tual frost  seems  to 'be  situated  at  320  feet  below  the  sufffaee.^ 
Is  this  inequality  only  apparent  in  cousequence  of  the  un- 
certainty whioh  attaches 'to  a  numerical  determinafcion,  based 
on  so  inconsiderable  a  depths  and  does  ^he  increase  of  'temr 
pemture  obey  different  laws  .at  different  times?  Is  it 
certain  that  H'*  we  were  to  make  a  horiaxn&tal  section  tii 
several 'himdred  £&thoms  from  the  deepest  part  t)f  Schergin's 
shaffc  into  the  adjoining  country,  we  should  find  in  every 
direction  and  at  every  distance  from  the  mine  frozen  soil,  in 
which  the  themxomater  would  indicate  a rtemperature  of  4°. 6 
below  the>freezing  pomt  ? 

Schrenk  has  eacamined  ihe  *frozen  4ioil  in' 67**  30'  N".  L.  in 
the  coxmtry  of  the  jSamojedes.  In  the  neighbourhood  of 
Pustojenskoy  .Gorodok,  nre  is  employed  to  facilitate  the 
sixiking  of  welb,  and  in  the-middie  of  summer  icewas  found 
at  only  9  feet  below  the  surface.  This  stratum  could  be 
traced  «for  nearly  70  feet,  when  the  works  were  suddenly 
stepped.  The  inhabitants  were  able  to  sledge  over  the 
neighbouring  lake  of  Usteje  throughout  the  whole  of  the 
summer  of  >813!^  'During  my  Siberian  expedition  with 
Ehrenbexg  findiGustav  Rose,  we  caused  a  boring  to  be  made 

'*f  Middendorff,  B4.i,  s.  160,  104, 179.  In  these  oumericAl  data  and 
conjectures  r^petrding 'like  UiickneBs  df  the  frozen  soil,  it  is  assumed 
that  the  temperature  increases  in  arithmetical  progression  with  the 
depth.  Whether  a  i«tardation  of  this  increase  occurs  in  greater  depths 
is' theoretically  uncertain,  and  hence  there  is  no  use  in  eotering  upon 
deoeptiye  calculations  regarding  the  temperature  of  the  centre  of  th.e 
earth  .in  the  fused  heterogeneous  rocky  masses  which  give  rise  to 
currents. 

^  SchrenVs  ^eite  durch  die  Tundem  der  Satnojeden,  ISiS,  Th.  i, 
B.  697. 
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in  a  piece  of  turfy  ^ound  near  Eogoslowsk  (59°  44'  N".  L.) 
amcmg  the  Ural  Mountams  on  the  road  to  the  Turjin  mines.** 
We  ioond  pieces  of  ice  at  the  depth  of  5  feet,  which  were 
embedded,  breccia-like,  in  the  frozen  ground,  below  which 
began  a  stratum  of  thick  ice  which  we  had  not  penetrated 
at  the  depth  of  10  &et. 

The  geographical  ^extensum  oi  j&lae  frozen  ground,  that  is  to 
say,  the  limits  within  which  ice  and  frozen  earth  are  found 
at  a  certain  depth,  even  in  the  month  of  Augufit,  and  con- 
sequently throughout  the  whole  year,  in  the  most  northern 
parts  of  the  Scandinavian  peninsula,  as  far  east  as  the  coasts 
df  Asia,  depends,  according  to  MiddendorfTs  aoujbe  obser- 
vations (like  all  geothermal  relations)  more  upon  local 
infii^nees  than  upon  the  temperature  of  the  atmosphere. 
The  influenee  ofnkhe  latter  is  on  the  whole,  no  doubt,  strongs 
tkan  ^ny  other,  but  the  isogeothersaAl  lines  are  .not,  as 
!Kup^r  has  remaiksd,  parallel  in  their  convex  and  concave 
oaives-to  climatijc  isothermal  lines,  whicdi  are  determined  by 
the  means  of  the  atmosjiheric  temperature.  The  iniiitration 
(sf  liquid  v&pours  deposited  by /the  air,  the  rising  of  thearmal 
springs  from  a  depth,  and  the  vailing  eonduotive  powers  of 
the  soil,  appear  to  be  especially  a<Jtive.*'  "On  the  most  nor- 
tthom  :p6int  of  the  iEuropean  continent,  in  Finmai^k,  between 
iiie  high  laiituiies  of  70°  and  71°,  itl^are  is  as  yet  no  con* 
tznuons  irax3t  of  .frozen  soil.  To  the  ..eastward,  impinging 
upon 'the  vaUiey  of  the  Obi,  5°floathof  the  North  tCapt^,  -we 
find  -frozen  .ground  at  'Obdorsk  ^and  ^Bereaow.  To  the  east 
and  south-east  of  this  point,  the  jeold  of  the  soil  increases}, 
excepting  .at  Tobolds:  on  the  Irtisch,  vthere  ihe  temperature 
d^.the  soil  is  colder  than  at  Witimsk,  in  the^valley  of  the 
Lena,  which  lies  1°  farther  north.  IDuxw^haiuk  (65°  54' 
W.  L.)  on  the  Jenisei,  is  situated  upon  an  unfrozen:  soil, 
although  it  is  close  to  the  liuiits  of  the  ice.  The  soil  at 
Amginsk,  southHsast  of  Jakutdk,  presents  as  Iowa  tempera* 
tore  as  that  of  Obdorsk, vrhid^h  lies  d°:iarthe!r  north ;  ^ihe  same 
being  -the  case  with  Oleminsk  on  the  Jeniaei.  'From  the  Obi 
to  the  latter  river  the  curve  formed  by  the  'limits  of  the 

*  Gustav  Rose,  Iteise  nach.  dem  Ural,  Bd.-i/s.4if8. 

**  Compare  my  friend,  G.  von  Helmersen's  experiments  on  the  rela- 
tive conductive  powers  of  ditferent  kinds  of  rocks  {M^m,  de  VAcad4mie 
de  St,  P6tersbov/rg :  Milaiiges  Physiques  et  Ckimiques,  1851,  p.  32). 
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frozen  soil  seems  to  rise^  a  couple  of  degrees  farther  north, 
after  which  it  intersects,  as  it  turns  southward,  the  Lena 
valley,  almost  8**  south  of  the  Jenessei.  Farther  eastward, 
this  line  again  rises  in  a  northerly  direction.'*"  Kupffer,  who 
has  visited  the  mines  of  Nertshinsk,  draws  attention  to  the 
fact  that  independently  of  the  continuous  northern  mass  of 
frozen  soil,  the  phenomenon  occurs  in  an  island-like  form 
in  the  more  southern  districts,  but  in  general  it  is  entirely 
independent  of  the  limits  of  vegetation,  or  of  the  growth  of 
timber. 

It  is  a  very  considerable  advance  in  our  knowledge,  when 
we  are  able  gradually  to  arrive  at  general  and  soimd  cosmical 
views  of  the  relations  of  temperature  of  our  earth  in  the 
northern  portions  of  the  old  continent ;  and  to  recognise  the 
fact  that  under  different  meridians  the  limits  of  the  frozen 
soil  as  well  as  those  of  the  mean  annual  temperature, 
and  of  the  growth  of  trees,  are  situated  at  very  different 
latitudes ;  whence  it  is  obvious  that  continuous  currents  of 
heat  must  be  generated  in  the  interior  of  our  planet. 
Franklin  found  in  the  north-west  part  of  America  that  the 
ground  was  frozen  even  in  the  middle  of  August '  at  a  depth 
of  16  inches,  while  Richardson  observed  upon  a  more  eastern 
point  of  the  coast  in  71°  12'  lat.  that  the  ice-stratum  was 
thawed  in  July  as  low  as  3  feet  beneath  the  herb-covered 
surface;  "Would  that  scientific  travellers  would  afford  us 
more  general  information  regarding  the  geothermal  relations 
in  this  part  of  the  earth  and  in  the  southern  hemisphere ! 
An  insight  into  the  connection  of  phenomena  is  the  most 
certain  means  of  leading  us  to  the  causes  of  apparently  in- 
volved anomalies,  and  to  the  comprehension  of  that  which 
we  are  apt  too  hjastily  to  regard  as  at  variance  with  normal 
laws. 

^^  Middeiidorff,  Bd.  i,  s.  166.  Compare  also  s.  179.  "  The  curve  re- 
presenting the  commencement  of  the  freezing  of  the  soil  in  Northern 
Asia  exhibits  two  convexities,  inclining  southwards,  one  on  the  Obi, 
which  is  very  inconsiderable,  and  the  other  on  the  Luna,  which  is  much 
more  strongly  marked.  The  limit  of  the  frozen  soil  passes  from  Ber- 
resow  on  the  Obi,  towards  Turuchansk  on  the  Jenisei,  it  then  runs 
between  Witimsk  and  Olekminsk,  on  Uie  right  bank  of  the  Lena,  and, 
ascending  northwards,  turns  to  the  east." 
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c.  Magnetic  Activity  of  the  JSartTi  in  its  three  Manifestations 
of  JEbrce — Intensity,  Inclination,  and  Variation. — Points 
{catted  the  Magnetic  Poles)  ^  in  which  the  Inclination  is  90^ 
—  Curves  on  which  no  Inclination  is  observed  (Magnetic 
JSquator),  —  The  ^owr  different  Maxima  of  Intensity,  — 
Cwrve  of  weakest  Intensity. — JSxtraordinary  Disturbances  of 
the  Declination  (Magnetic  Storms), — Polar  Light. 

(Extension  of  the  Picture  of  Nature,  Cosmos,  vol.  i.  pp.  169 
—197,  vol.  ii.  pp.  717—720,  and  vol.  iv.  pp.  394—398.) 

The  magnetic  constitution  of  our  planet  can  only  be 
deduced  fix>m  the  many  and  various  manifestations  of  ter- 
restrial force  in  as  far  as  it  presents  measureable  relations  in 
space  and  time.  These  manifestations  have  the  peculiar  pro- 
perty of  exhibiting  perpetual  variability  of  phenomena  to  a 
much  higher  degree  even  than  the  temperature,  gaseous 
admixture,  and  electrical  tension  of  the  lower  strata  of  the 
atmosphere.  Such  a  constant  change  in  the  nearly  allied 
magnetic  and  electrical  conditions  of  matter  moreover  essen- 
tially distinguishes  the  phenomena  of  electro-magnetism 
from  those  which  are  influenced  by  the  primitive  funda- 
mental force  of  matter — ^its  molecular  attraction  and  tho: 
attraction  of  masses  at  definite  distances.  To  establish 
laws  in  that  which  is  ever  varying,  is  however  the  highest 
object  of  every  investigation  of  a  physical  force.  Although 
it  has  been  shown  by  the  labours  of  Coulomb  and  Arago» 
that  the  electro-magnetic  process  may  be  excited  in  the 
most  various  substances,  it  has  nevertheless  been  proved 
by  Faraday's  brilliant  discovery  of  diamagnetism,  (by  the 
differences  of  the  direction  of  the  axes,  whether  they  incline 
north  and  south,  or  east  and  west,)  that  the  heterogeneity  of 
matter  exerts  an  influence  distinct  from  the  attraction  of 
masses.  Oxygen  gas,  when  inclosed  in  a  thin  glass  tube,  will 
show  itself  under  the  action  of  a  magnet  to  be  pai-amagnetic, 
inclining  north  and  south  like  iron ;  and  while  nitrogen, 
hydrogen,  and  carbonic  acid  gases  remain  unaffected,  phos- 
phorus, leather,  and  wood  show  themselves  to  be  diamag^ 
netic,  and  arrange  themselves  equatorially  from  east  to  west. 

VOL.  V.  B 
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The  ancient  Greeks  and  Romans  were  acquainted  witli  the 
adhesion  of  iron  to  the  magnet,  attraction  and  repnlsion,  and 
the  transmission  of  the  attracting  action  throng  bmss  ves- 
sels as  well  as  through  rings,  which  were  strung  together  in  a 
chain-like  form,  as  long  as  one  of  the  rings  was  kept  in  con- 
tact with  the  magnet ;"  and  they  were  likewise  acquainted 
with  the  non-attraction  of  Wood  and  of  all  metals  excepting 
iron.  The  force  of  polarity^  which  the  magnet  is  able  to 
impart  to  a  moveable  body  susceptible  of  its  influence,  was 
entirely  unknown  to  the  Western  nations  (Phoenicians,  Tus- 
catLSy  Greeks,  and  Romans).  The  first  notice  which  we  meet 
with  among  the  nations  of  Western  Europe  of  the  knowledge 
of  this  force  of  polarity,  which  has  exerted  so  important  an^ 
influence  on  the  improvement  and  extendon  of  navigation, 
and  which,  from  its  titilitsurian  value  has  led  so  continuously 
to  the  inquiry  after  one  universally  diflFused,  although  pre- 
viously unobserved  force  of  nature,  does  not  date  farther  back 
than  the  11th  and  12th  centuries.  In  the  history  and  enu- 
meration of  the  principal  epochs  of  a  physical  contempla- 
tion of  the  universe,  it  has  been  found  necessary  to  divide 
into  several  sections,  and  to  notiOB,  the  sources  firom  which 
yfe  derive  our  knowledge  of  that  which  we  have  here  sum- 
marily arranged  under  one  common  point  of  view .» 

We  find  that  the  application  amongst  the  Chinese  of  the 
directive  po^er  of  the  magnet,  or  the  use  of  the  north  and 
fiiouth  direction  of  magnetic  needles  floating  on  the  surface  of 
trater,  dates  to  an  epoch  which  is  probably  more  ancient 
than  the  Doric  migration  and  the  return  of  the  Heraclidae 
into  the  Peloponnesus.  It  seems,  moreover,  very  striking 
that  the  use  of  the  south  direction  of  the  needle  should  have 
been  first  applied  in  Eastern  Asia  not  to  navigation  but  to 
land  travelling.  In  the  anterior  part  of  the  magnetic  waggon 
A  freely  fioabing  needle  moved  the  arm  and  hand  of  a  smaH 
figure,  which  pointed  towards  the  soQth.  An  apparatus  of 
ihig  kind  (i^lM  J^e^an,  indicator  of  the  south,)  was  pte^ 

^  The  principal  -pdOB&ge  TBierAn^  i6  the  dmgnetic  ehain  of  riDgs 
occurs- m  Pile's  Ion,  p.  53S,  D.£  ed.  Steph«  Miction  hauer  been  made 
4ii  tbis  transmlBsion  of  the  attracting  aetioa  not  only  by  Pliny  (xxxiv, 
14)  and  Lucretius  (vi,  910),  but  also  by  Augustine  (fU  ciantatA  Iki, 
XX,  4)  and  Philo  (de  Mundi  opijidio,  p.  32  J)  ed.  1691). 

*»  Cotmw,  volv  i,-  p*  182  J  mol.  ^  p.  628. 
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se£Lted  dtuiDg  the  dynasty  of  the  Tscheu,  1100  years  before 
our  era,  ta  the  ambassadors  of  Tonquin  and  Cochin-Chiaa, 
to  guide  them  over  the  vast  plains,  which  they  would  have 
to  cross  in  their  homeward  journey.  The  magnetic  waggon 
was  used  as  late  as  the  15th  centuiy  of  our  era."*  Several 
of  these  waggons  were  carefiilly  preserved  in  the  imperial 
pajace  Mid  were  employed  in  the  building  of  Buddhist  mon- 
asteries in  fixing  the  paints  towards  which  the  main  sides 
of  the  edifice  sltould  be  directed.  The  frequent  applicaticHi 
of  magnetic  apparatus  gradually  led  the  more  intelligent 
of  the  pec^Ie  to  physical  considerations  regarding  the  nature 
of  magnetic  phenomena.  The  Chinese  eulogist  of  the  mag- 
netic neei^e,  £t]opho  (a  writer  of  the  age  of  Constantine  the 
Great)>  compares^  as  I  have  already  elsewhere  remarked,  the 
attractive  force  of  the  magnet  with  that  of  rubbed  amber. 
This  force,  according  to  him,  is  *'Kie  a  breath  of  wind 
whidb  myfftieriously  breathes  throng  these  two  bodies^  and 
has  the  property  of  thoroughly  permeating  them  with  the 
rapidity  of  an  arrow."  The  symbolical  expression  of  •*  breath 
of  wind  "  reminds  us  of  the  equally  symbolical  designation  of 
mntl,  which  in  Grecian  antiquifcy  was  applied  by  Thales,  the 
fotmder  of  the  Ionian  School,  to  both  these  attracting  sub- 
stances ;  wul  signifying  here  the  inner  princijie  of  the  mov- 
ing agcnil.^ 

^  Himiboidt,  Asie  Cantrdle,  t.  i^  p.  xl — ^zUi,  and  Sxamm  OriU  de 
VSist.  de  la  GSograpkie,  t.  iii,  p.  35»  Eduard  Biot,  who  has  extended 
and  confinned  by  his  own  careful  and  bibliographical  studies,  and  with 
the  asaifltaxtee  of  ray  learned  fideDd  Staoislae  Julien,  the  inyestigations 
nade  fay  KliapTOth.  in,  reference  to  the  epoch  aib  which  the  magnistic 
needle  was  first  used  in  China^  adduces  an  old  tradition,  according  to 
whicii  the  magneticr  waggon  was  already  in  use  in  the  reign  of  the  Em- 
peror Hoang-ti.  I^o  allusion  to  this  tradition  can,  however,  be  found  in 
any  writers  prior  to  the  early  Christian  ages.  This  celebrated  monarch 
ii  presumdci  to  have  lived  2S00  years  before  our  era  (that  is  to  say, 
KmO  years  before  the  expulsion  of  the  Hyksos  from  E^ypt).  Ed*  Biot 
sur  la  direcHoTk  de  ^  aiguille  aimant^e  en  Cldn^ixi  the  umtp^  readvls  de 
HAead,  da  Sdenass^  t.  xix,  1844,  p.  822. 

^  Comnoff  ToL  i^  p.  ISZ  Airistotle  {de  JMma^  i;  ^)  speaks  only  of 
t&e  ammadon  of  tike  magnet  as  of  an  opinion  that  originated  with 
Thales*  Diogenes  Laertlus  interprets  this  statement  as  applying  also 
distincldly  to  ambflr,  for  he-  says,  "  AiiBtotle  and  Hipjf>ia8  maintain  as  to 
tbe doctrine  enounced  by  Thales*  .  .  .  The  sophist  liippias  of  Eli% 
who  flattered  himself  iSiat  he  possessed  uniVerBal  knowledge,  occupied 
himself  with  physical  science  and  'wlffli  the  most  andtot  traditions  of 
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As  the  excessive  mobility  of  the  floating  Chinese  needles 
rendered  it  difficult  to  observe  and  note  down  the  indica- 
tions which  they  afforded,  another  arrangement  was  adopted 
in  their  place  as  early  as  the  12th  century  of  our  era,  in 
which  the  needle  that  was  freely  suspended  in  the  air  was 
attached  to  a  fine  cotton  or  silken  thread  exactly  in  the 
same  manner  as  Coulomb's  suspension  which  was  first  used 
by  William  Gilbert  in  Western  Europe.  By  means  of  this 
more  perfect  apparatus,'*  the  Chinese  as  early  as  the  begin- 
ning of  the  12th  century  determined  the  amount  of  the 
western  variation,  which  in  that  portion  of  Asia  seems  only 
to  undergo  very  inconsiderable  and  slow  changes.  From  its 
use  on  land,  the  compass  was  finally  adapted  to  maritime 
purposes,  and  under  the  dynasty  of  Tsin,  in  the  4th  century 
of  our  era,  Chinese  vessels  imder  the  guidance  of  the  compass 
visited  Indian  ports  and  the  eastern  coast  of  Africa. 

Fully  200  years  earlier,  under  the  reign  of  Marcus  Aurelius 
Antoninus,  who  is  called  Jbi-ttm  by  the  writers  of  the 
dynasty  of  Han,  Roman  legates  came  by  sea  by  way  of  Ton- 
quin  to  China.  The  application  of  the  magnetic  needle  to 
European  navigation  was  however  not  owing  to  so  transient 
a  source  of  intercourse,  for  it  was  not  until  its  use  had 
become  general  thoughout  the  whole  of  the  Indian  Ocean, 
along  the  shores  of  Persia  and  Arabia,  that  it  was  mtroduced 
into  the  West  in  the  12th  century,  either  directly  througl^ 
the  influence  of  the  Arabs  or  through  the  agency  of  the 
Crusaders,  who  siDce  1096  had  been  brought  in  contact  with 
Egypt  and  the  true  Oriental  regions.  In  historical  investi- 
gations of  this  nature,  we  can  only  determine  with  certainty 

the  physiological  school.  ''  The  attracting  breath/*  which,  accordiog 
to  the  Chinese  physicist,  Kuopho,  "permeates  both  the  magnet  and 
amber,"  reminds  us,  according  to  Buschmann's  investigations  into  the 
Mexican  language,  of  the  aztec  name  of  the  magnet  tlaihioanani  teil, 
signifying  "  the  stone  which  attracts  by  its  breath"  (from  ihiotl,  breath, 
and  ana,  to  draw  or  attract). 

®*  The  remarks  which  Klaproth  has  extracted  from  the  Peniksaoyan 
regarding  this  singular  apparatus  are  given  more  fully  in  the  Mtmg- 
hhi-pi-than,  Comptes  rendus,  t.  xix,  p.  366.  We  may  here  ask  why,  in 
this  latter  treatise,  as  well  as  in  a  Chinese  book  on  plants,  it  is  stated 
that  the  cypress  turns  towards  the  west,  and,  more  generally,  that  the 
magnetic  needle  points  towards  the  south? '  Does  this  imply  a  more 
luxuriant  development  of  l^e  branches  on  the  side  nearest  the  sun,  or 
in  consequence  of  the  direction  of  the  prevalent  winds? 
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those  epochs,  which  must  be  considered  as  the  latest  limits 
beyond  which  it  would  be  impossible  for  us  to  urge  our 
inquiries.  In  the  politico-satirical  poem  of  Guyot  of  Pro- 
Tins,  the  mariner's  compass  is  spoken  of  (1199)  as  an  instru- 
ment that  had  been  long  known  to  the  Clxristian  world ;  and 
this  is  also  the  case  in  the  description  of  Palestine  which  we 
owe  to  the  Bishop  of  Ptolemais,  Jaques  de  Vitry,  and  which 
was  completed  between  the  years  1204  and  1 215.  Guided 
by  the  magnetic  needle  the  Catalans  sailed  along  the  north- 
em  islands  of  Scotland  as  well  as  along  the  western  shores  of 
tropical  Africa,  the  Basques  ventured  forth  in  search  of  the 
whale,  and  the  Northmen  made  their  way  to  the  Azores 
(the  Bracir  islands  of  Picigano).  The  Spanish  Leyes  de  las 
Partidas  (del  sahio  Bey  Don  Alonso  el  nono),  belonging  to 
the  first  half  of  the  13th  century,  extolled  the  magnetic 
needle  as  "the  true  mediatrix  (medianera)  between  the  mag- 
netic stone  {la  piedra)  and  the  north  star."  Gilbert  also,  in 
his  celebrated  work  De  Moffnete  Fhysiologia  Nova,  speaks  of 
the  mariner's  compass  as  a  Chinese  invention,  although  he 
inconsiderately  adds,  that  Marco  Polo  ^'qui  apud  Chinas 
artetii  pyxidis  didicit,"  first  brought  it  to  Italy.  As,  how- 
ever, !&ilkrco  Polo  began  his  travels  in  1271  and  returned  in 
1295,  it  is  evident  from  the  testimony  of  Guyot  of  Provins 
and  Jaques  de  Yitry,  that  the  compass  was  at  all  events  used 
in  European  seas  from  60  to  70  years  before  Marco  Polo  set 
forth  on  his  joumeyings.  The  designations  zohron  and 
aphron,  which  Vincent  of  Beauvais  applied  in  his  Mirror  of 
Ifature  to  the  southern  and  northern  ends  of  .the  magnetie 
needle  (1254),  seem  to  indicate  that  it  was  through  Arabian 
pilots  that  Europeans  became  possessed  of  the  Chinese  com- 
pass. These  designations  point  to  the  same  learned  and 
industrious  nation  of  the  Asiatic  peninsula  whose  language 
too  often  vainly  appeals  to  us  in  our  celestial  maps  and 
globes. 

From  the  remarks  which  I  have  already  made,  there  can 
scarcely  be  a  doubt  that  the  general  application  of  the 
magnetic  needle  by  Europeans  to  oceanic  navigation  as  early 
as  the  12th  century,  and  perhaps  even  earlier  in  individual 
cases,  originally  proceeded  from  the  basin  of  the  Mediter^ 
xanean.  The  most  essential  share  in  its  use  seems  to  have 
belonged  to  the  Moorish  pilots,  the  Genoese,  Venetians, 
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Majoreamiy  and  CsAahiM,  The  latter  people,  imder  the 
guidaQoe  of  their  celebrated  countryman,  the  naTigator,  Doa 
Jaiioe  Ferrer,  penetrated;  in  1346,  to  the  mouth  of  the  Rio 
de  Ovao  (23°  40'  K.L.),  on  the  Western  Coast  of  Africa,  mi, 
according  to  the  testimony  of  Baymnndas  LtiUns  (in  his 
nautical  work  JSbnix  de  lag  MaraviUas  del  Orhe,  1286)  tha 
Bareelooians  employed  atkses,  sstocblDes,  and  cofmpassei^ 
long  hefore  Jaime  Ferrer. 

The  knowledge  of  the  amount  of  ma^etic  variation  is  of 
a  very  early  date,  and  was  aimultaneonsly  imparted  by  the 
Chinese  to  Indian,  Malay,  and  Arabian  seamen,  through  whose 
agency  it  must  necessarily  have  spread  along  the  shores  of 
the  Mediterranean.  This  element  of  navigation,  which  is  so 
indispensable  to  the  correction  of  a  ship's  reckoning,  was  then 
determined  less  by  the  rising  and  setting  of  the  sun  than  by 
the  polar  star,  and  in  both  cases  the  determination  was  very 
uncertain  ;  notwithstanding  which,  we  find  it  marked  down 
upon  charts,  as  for  instance  upon  the  very  scarce  atlas  of 
Anurej*  Eianco^  which  was  drawn  out  in  the  year  1436*. 
Columbus,  who  had  no  more  claim  than  Sebastian  Cabot, 
to  be  regarded  as  the  first  discoverer  of  the  Tariation  of 
the  magnetic  needle,  had  the  great  merit  of  determining 
astronomically  the  position  of  a  line  of  no  variation  2^** 
east  of  the  Island  of  Corvo,  in  the  Azores,  on  the  13th 
of  September,  1492.  He  found,  as  he  penetrated  into  the 
western  part  of  the  Atlantic  Ocean,  that  the  variation 
passed  gradually  from  north-east  to  north-west.  This  obser- 
vation led  him  to  the  idea,  which  has  so  much  occupied  na^d- 
gators  in  later  times^  of  finding  the  longitude  by  the  position 
of  the  curves  of  variation  whieh  he  still  imagined  to  be 
parallel  to  the  meridian.  We  learn  from  his  ship's  kg,  that 
when  he  was  unoesrtain  of  his  posititm  during  his  seeond 
voyage  (1496),  he  actually 'endeavoured  to^teer  his  way  by 
observing  the  declination.  The  insight  into  the  possihiiii^ 
of  such  a  method  was  undouHedly  that  tmcommnnicable 
secret  of  longitude,  which  Sebastian  Cal>ot  boasted  on  Ms 
deathbed  of  having  acquired  trough  spedal  divine  mani- 
festation. 

The  idea  <^  a  curve  of  no  decMnadon  in  the  Atlantie  w«s 
associated  in  the  easfly  excited  fancy  of  Columbus  with 
other  somewhat  vague  views  of  alterations  of  climate,  of  an 
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aiiiomitlaiui  o(»ififwreti&&  of  the  eadk,  and  of  ^trwurdinary 
motwjk^  of  tl^  hiea¥«^  bojios^  m  vUcb  fa<e  fouoKi  »  motm 
for  coBT^er^dng  a  pSityaeucal  into  n.  |)Qlitical  boiiiBLd^uy  lina 
Tbus  the  r«|ra^  on  wluob  th«  ag^i^  ^  mwre^  poin^  direcvly 
to  the  polar  stor,  Ikoofwe  tba  Iifie  of  demarcation  between  thie 
kingdoms  of  Portugal  »Qid  Oaatalle ;  and  from  tlte  impoctauce 
of  ddtermining  with  astitxuomieal  exactness  the  geegniiphical 
length  of  such  a  boundary  in  botb  Jjemiapbff^ea,  «nd  over 
evexy  part  of  the  earth's  surfoce^  en  anrogant  Papal  decree^ 
although  it  failed  in  e^boting  this  aim,  nsevertheiless  exerted  a 
beneficial  effect  on  the  e2.tension  of  Asfcronomieo-nautical 
acienoe  and  on  the  unproyesMait  of  .magnetic  insitruments. 
(Humboldt,  JExofmn  CrU.  de  la  G^o^.,  t.  iii,  p.  5L)  Felipe 
QuiUea^  of  Seville,  in  1^^,  and  probably  irtttll  eaxlier,  tiie 
oQsmo^grapher  Alonso  de  8anta  Ctvlz,  teacher  of  mathematics 
to  the  young  Emperor  Charles  Y.,  eonstructed  n&w  variation 
(XHnpasses  by  which  a(dar  altitudes  could  be  taken.  The  latter 
in  1530,  and  therefore  fuUy  150  years  befove  HaJiey,  drew 
up  the  iirst  general  vaciaticm  chart,  although  it  was  certainly 
based  upon  vejy  imperfeot  mAteraak.  Wje  may  Bonn  somie 
idea  of  the  interest  £ba3k  had  been  excited  in-velesence  to  teiv 
i^estrial  mi^gnetism  in  the  16th  oentury^  i^t^  the  death  of 
Coluihbvfl,  end  during  the  looiiteat  tt^rding  the  line  of 
demarcation,  when  we  iind  that  Juan  Jo^^me  made.«  voya^ 
in  15859  with  Fnanoiaoo  G«]i«  from  the  Pl^iSippines  to  Aca- 
jHileo,  for  the  sole  puirpose  of  testiug  by  a  long  trial  in  the 
SouUi  Sea  a  I)eGlii;uMiorium  of  his  own  invention. 

Amid  this  generally  diSused  taste  for  praotioal  observation, 
we  trace  the  same  tendency  to  theoretical  speculations  which 
always  aooompanies  or  even  more  frequently  precedes  the 
former.  Many  old  tnuiitions  current  amongst  Indian  and 
Arabian  sailors,  speak  of  rocky  islands  which  bring  death  and 
destruction  to  the  hapless  mariner,  by  attracting  through 
tibeir  magnetic  force  all  the  iron  which  connects  together  the 
planks  of  the  ship^  or  even  by  immoveably  fixing  the  entire 
vessel.  The  effect  of  such  delusions  as  these  was  to  give  rise 
to  a  eoneeption  of  the  concurrence,  at  the  poles,  ot  lines  of 
magnetic  variation^  represented  materially  under  the  image 
of  a  high  ma^etic  rock  lying  near  one  of  the  poles.  On  the 
remarkable  chart  of  the  Kew  Continent,  which  was  added  to 
the  Latin  edition  of  150S  of  the  Geography  of  Ptoiemy,  we 
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find  that  north  of  Greenland  (Gruenilant),  which  is  repre- 
sented as  belonging  to  the  eastern  portion  of  Asia,  the  north 
magnetic  pole  is  depicted  as  an  insular  mountain.  Its 
position  was  gradually  marked  as  being  farther  south  in  the 
Breve  Oompendio  de  la  Sphera,  by  Martin  Cortez,  1545,  as 
well  as  in  the  Oeographia  di  Tolomeo  of  liveo  Sanuto,  1 588. 
The  attainment  of  this  point,  called  el  calamitico,  was  asso- 
ciated with  great  expectations,  since  it  was  supposed  in 
accordance  with  a  delusion,  which  was  not  dissipated  till 
long  afterwards,  that  some  miraculoso  stupendo  effetto  would 
be  experienced  by  those  who  reached  it. 

Until  towards  the  end  of  the  16th  century,  men  occupied 
themselves  only  with  those  phenomena  of  variation  which 
exerted  a  direct  influence  on  the  ship's  reckoning  and  the 
determination  of  its  place  at  sea.  Instead  of  the  one  line  of 
no  variation,  which  had  been  found  by  Columbus  in  1492, 
the  learned  Jesuit  Acosta,  who  had  been  instructed  by  Por- 
tuguese pilots  (1589)  expressed  the  belief  in  his  admirable 
Historia  Natural  de  las  Indias  that  he  was  able  to  indicate 
four  such  lines.  As  the  ship's  reckoning,  together  with  the 
accurate  determination  of  the  direction  (or  of  the  angle 
measured  by  the  corrected  compass)  also  requires  the  distance 
the  ship  had  made,  the  introduction  of  the  log,  although  this 
mode  of  measuring  is  even  at  the  present  day  very  imperfect, 
nevertheless  marked  an  important  epoch  in  the  history  of 
navigation.  I  believe  that  I  have  proved,  although  contrary 
to  previously  adopted  opinions,  that  the  first  certain  evidence 
of  the  use  of  the  log  ^  (la  cadena  de  la  popa,  la  corredera) 
occurs  in  the  journal  which  was  kept  by  Antonio  Pigafetta 
during  the  voyage  of  Magellan,  and  which  refers  to  the 
month  of  January,  1521.     Columbus,  Juan  de  la  Cosa,  Se- 

'^  Co8mo9,  vol.  ii,  pp.  681 — 634.  In  the  time  of  King  Edward  III.  of 
England,  when,  as  Sir  Harris  Nicolas  {History  of  the  Royal  Navy, 
1847,  voL  ii,  p.  180),  has  shown,  ships  were  guided  by  the  compass, 
which  was  then  called  the  sailstoTie  dial,  sailing  needle,  or  adamant,  we 
find  it  expressly  stated  in  the  accounts  of  the  expenses  for  equipping  the 
king's  ship,  **  The  George,**  in  the  year  1346,  that  sixteen  hour-glassea 
had  been  bought  in  Flanders ;  this  statement,  however,  is  by  no  means 
a  proof  of  the  use  of  the  log.  The  ampoUetas  (or  hour-glasses)  of  the 
Spaniards  were,  as  we  most  plainly  find  from  the  statements  of  Enciso 
in  Cespides,  in  use  long  before  the  introduction  of  the  log,  *'echando 
punto  por  fantasia  in  la  corredera  de  los  perezosos.*' 
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bastian  Cabot,  and  Vasco  de  Game,  were  not  acquainted 
with  the  log  and  its  mode  of  application,  and  they  estimated 
the  ship's  speed  merely  by  the  eye,  while  they  found  the 
distance  they  had  made  by  the  running  down  of  the  sand  in 
the  glasses  known  as  ampolletas.  For  a  considerable  period 
the  horizontal  decimation  fix>m  the  north  pole  was  the  only 
element  of  magnetic  force  that  was  made  use  of,  but,  at 
length  (in  1576),  the  second  element,  inclination,  began  to  be 
first  measured.  Robert  Norman  was  the  first  who  deter- 
mined the  inclination  of  the  magnetic  needle  in  London, 
which  he  noted  with  no  slight  degree  of  accuracy  by  means 
of  an  inclinatorium,  which  he  had  himself  invented.  It  was 
not  imtil  200  years  afberwards,  that  attempts  were  made  to 
measure  the  third  element,  the  intensity  of  the  magnetic 
terrestrial  force. 

About  the  close  of  the  16th  century,  "William  Gilbert,  a 
man  who  excited  the  admiration  of  Galileo,  although  his 
merits  were  wholly  unappreciated  by  Bacon,  first  laid  down 
comprehensive  views  of  the  magnetic  force  of  the  earth." 
He  clearly  distinguished  magnetism  from  electricity  by  their 
several  effects,  although  he  looked  upon  both  as  emanations 
of  one  and  the  same  fondamental  force,  pervading  all  matter. 
Like  other  men  of  genius,  he  had  obtained  many  happy 
results  from  feeble  analogies,  and  the  clear  views  which  he 
had  taken  of  terrestrial  magnetism  (de.  magno  magneto 
teUure)  led  him  to  ascribe  the  magnetisation  of  the  vertical 
iron  rods  on  the  steeples  of  old  church  towers  to  the  effect 
of  this  force.  He,  too,  was  the  first  in  Europe  who  showed 
that  iron  might  be  rendered  magnetic  by  being  touched  with 
the  magnet,  although  the  Chinese  had  been  aware  of  the  fact 
nearly  600  years  before  him.**    Even  then,  Gilbert  gave 

^  Cosmos,  vol.  i,  p.  170.  Cdiamitico  was  the  ilame  given  to  these 
instruments  In  consequence  of  the  first  needles  for  the  compass 
having  been  made  in  the  shape  of  a  frog. 

*®  See  Gilbert,  Physiologia  Nova  de  Moffnete,  lib.  iii,  cap.  viii,  p.  124. 
Even  Pliny  {Cosmos,  vol.  i,  p.  170),  remarks  generally,  without,  how- 
ever, referring  to  the  act  of  touching,  that  magnetism  may  be  im- 
parted for  a  long  period  of  time  to  iron.  Gilbert  expresses  himself  as 
fdllows  in  reference  to  the  vulgar  opinion  of  a  magnetic  mountain  : — 
**  vulgaris  opinio  de  montibus  magneticis  aut  rupe  aliqua  magnetica,  de 
polo  phantastico  a  polo  mundi  distante"  (1.  c.  p.  42 — 98).  The  variation 
and  advance  of  the  magnetic  lines  were  entirely  unknown  to  him, 
**  Yarietas  uniuscujusque  loci  constans  est''  (1.  c.  42,  98,  152, 153. 
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steel  the  preference  over  soft  iroo^  becaotse  tbe  fbmier  has  the 
power  of  more  permazxeatlj  retainiBg  the  force  iu^parted  to 
ii^  and  of  thoB  becoming  for  a  longer  time  a  conductor  of 
ma^etism. 

ia.  the  course  of  the  17th  century^  the  navigation  of  the 
!Sretherlanders,  British,  Spaoiaids  and  fbnenc^  which  had 
been  so  widely  extended  by  m,oiie  perfect  methods  of  deter- 
mining the  direction  and  length  of  the  ah^'s  C€9it»Si,  increased 
the  knowledge  of  those  lines  of  no  variation  which,  as  1  have 
ab%»dy  remarked,  Father  Acosta  had  endeavoured  to  reduce 
into  a  system."  Cornelius  van  Schouten  indicated,  in  1616, 
points  lying  m  the  midst  of  the  Pacific  and  south-east  of 
the  .Marquesas  Islands  in  which  the  variation  was  null. 
Even  now  th^re  lies  in  this  r^ion  a  singular,  closed  system 
of  isogonic  lines,  in  which  every  group  of  the  internal  con- 
centric curves  indicates  a  smaUer  amount  of  variation.^ 
The  emulation  which  was  exhibited  in  trying  to  find  methods 
for  determining  longitudes,  not  only  by  means  of  the  varia- 
Uon,  but  also  by  the  inclination  (whidbi  wh^i  it  was  observed 
imder  a  cloudy  starless  sky,  aere  caUgmo&a^  was  said  by 
"Wright  to  be  "  worth  much  gold")  led  to  the  multiplication 
of  instruments  for  ma^etic  observations,  while  it  tended  at 
the  same  time  to  increase  the  activity  of  the  observers.  The 
Jesuit  Cabeus  of  Ferrara,  Ridley,  Xieutaud  (1668),  and 
Henry  Bond  (1676),  distinguished  themselves  in  this  manner. 
Indeed,  the  contest  between  the  latter  and  Beckborrow^ 
together  with  Acosta's  view  that  there  wesie  four  lines  of  no 
variation  which  divided  the  entire  surface  of  the  earth,  may 
veiy  probably  have  had  some  infiuence  on  the  theory,  ad^ 
vanoed  in  1683  hj  Bailey^  of  four  m«(guetic  pedes  or  points 
of  convargeace. 

»  Mittoria  Nutwrat  de  las  Indias,  Tib.  1,  caj).  IT. 

•^  Cosmos,  vol.  i,  p.  175, 

^  In  the  yeiy  careful  obaervai^ne  of  Ifkcfinatiooi  which  I  made  on  ^e 
Pacific,  J  demonstiated  tche  conditions  under  which  an  acquaintance 
with  the  amount  of  the  inclination  may  be  of  important  practical 
utility  in  the  determinatioii  oi  the  liatitude  during  the  prevalence^  on 
the  coasts  of  Peru^  of  £he  QanMt  when  bath  the  iun  and  stars  are  ob- 
scured (Cosmos,  voL  i»  p.  173).  The  Jesuit^  Cabeus,  author  of  the  Pku 
losophia  Mdtgnetica  (in  igua  nova  .quasdam  ])yxis  explicatur,  qusB  poli 
elevationem  ubique  demonatrat),  drew  .attention  to  this  lact  during  tlie 
first  half  of  the  17Ui  century. 
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Halley  is  identified  with  an  important  epoch  in  the  history 
of  terrestrial  magnetism.  He  assumed  that  there  was  in 
each  hemisphere  a  magnetic  pole  of  greater  and  lesssr 
intesasity,  consequently  four  points  with  90°  inclination  of 
the  needle,  precisely  as  we  now  find  among  the  four  points  of 
greatest  intensity  an  analogous  inequality  in  the  maximum 
of  intensity  for  each  hemisphere,  that  is  to  say,  in  the 
rigidity  of  the  oscillations  of  the  needle  in  the  direction  of 
the  magnetic  meridian.  The  pole  of  greatest  intensity  was 
situated,  according  to  Halley,  in  70°  S.L.  120''  east  of 
Greenwich,  and  therefore  almost  in  the  meridian  of  King 
Geoige's  Sound  in  New  Holland  (Nuyts  Land).*  Halley's 
thi?ee  voyages,  which  were  made  in  the  years  1698,  1699^ 
and  1702,  were  undertaken  with  the  view  of  elaborating  a 
theory  which  must  have  owed  its  origin  solely  to  the  esdfier 
voyage  which  he  had  made  seven  years  before  to  St.  Helena, 
and  to  the  imperfect  observations  of  variation  made  by 
Baffin,  Hudson,  and  Cornelius  van  Schouten.  These  were 
the  first  expeditions  which  were  equipped  by  any  government 
for  the  establishment  of  a  great  scientific  object — that  of 
observing  one  of  the  elements  of  terrestrial  force  on  which 
the  safety  of  navigation  is  especially  dependent.  As  Halley 
penetrated  to  62"^  south  of  the  equator,  he  was  able  to 
construct  the  first  circumstantial  variation  charts  which 
afiSords  to  the  theoretical  labours  of  the  19th  century  a  point 
of  comparison,  although  certainly  not  a  very  remote  one,  of 
the  advancing  movemait  of  the  curves  of  variation. 

Halley^s  attempt  to  combine  graplueally  together  hy  lines 
different  points  of  equal  variation  was  a  very  happy  one,®* 
sinoe  it  has  given  us  a  comprehensive  and  dear  insight  into 
the  eiHineetion  of  the  results  already  accumulated.  My  iso- 
theaansl  lines  (that  is  to  say  lines  of  equal  heat  or  mean 
annual  summer  and  winter  temperatxire),  which  were  early 

«  Edixumd  fi«lley,  in  the  PkUot,  Trcmaact.for  1683,  tdL  zii,  Ko.  llfi; 
p.  2i€. 

^  Lmes  of  tills  Idnd,  wldch  be  called  trautm  ^alfbodUicos,  wwb 
maiiEed  down  upon  a  diart  by  Father  Chiiatopher  Burros,  in  Liabo&y 
ax^  offered  by  him  to  the  Eiog  of  Spain  for  a  large  sum  of  money; 
these  lines  being  drawn  for  the  purpose  of  showing  and  determining 
longitudes  at  sea.  See  Kircher's  Magnea,  ed.  2,  p.  443.  The  first  varia- 
tion chart,  whioh  was  made  in  1530,  has  already  been  referred  to  in  the 
test  (p.  55). 
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received  with  mucli  favour  by  physicists,  liave  been  formed 
on  a  similar  plan  to  Halley's  isogonic  curves.  These  linear 
especially  since  they  have  been  extended  and  greatly  im- 
proved by  Dove,  are  intended  to  aflford  a  clear  view  of  the 
distribution  of  heat  on  the  earth's  surface,  and  of  the  princi- 
pal dependence  of  this  distribution  on  the  form  of  the  solid 
and  fluid  parts  of  the  earth,  and  the  reciprocal  position  of 
continental  and  oceanic  masses.  Halley's  purely  scientific 
expeditions  stand  so  much  the  more  apart  from  others,  since 
they  were  not,  like  many  later  expeditions,  fitted  out  at  the 
expense  of  the  Gk)vemment  with  the  object  of  making  geo- 
graphical discoveries.  In  addition  to  the  results  which  they 
have  yielded  in  respect  to  terrestrial  magnetism,  they  were 
also  the  means  of  affording  us  an  important  catalogue  of 
southern  stars  as  the  fruits  of  Halley's  earlier  sojourn  in  the 
Island  of  St.  Helena  in  the  years  1677  and  1678.  This 
catalogue  was  moreover  the  first  that  was  drawn  up  after 
telescopes  had  been  combined,  according  to  Morin's  and 
Gascoigne's  methods,  with  instruments  of  measurement.** 

As  the  17th  century  had  been  distinguished  by  an 
advance  in  a  more  thorough  knowledge  of  the  position 
of  the  lines  of  variation,  and  by  the  first  theoretical 
attempt  to  determine  their  points  of  convergence,  viz.  the 
magnetic  poles,  the  18th  century  was  characterised ,  by 
the  discovery  of  horary  periodical  alterations  of  variation. 
Graham  has  the  incontestable  merit  of  being  the  first  to 
observe  (London,  1722)  these  hourly  variations  with  accuracy 
and  persistency.  Celsius  and  Hibrter  in  Upsala,*  who  main- 
tained a  correspondence  with  him,  contributed  to  the  exten- 
sion of  our  knowledge  of  this  "phenomenon.  Brugmans,  and 
after  him  Coulomb,  who  was  endowed  with  higher  mathe- 
matical powers,  entered  profoundly  into  the  nature  of  ter- 

•*  Twenty  years  after  Halley  had  drawn  up  his  catalogue  of  southern 
^stars  at  St.  Helena  (which,  unfortunately,  included  none  under  the 
sixth  magnitude)  Hevelius  boasted,  in  his  Firmamentum  Sobetcianwn, 
that  he  did  not  employ  any  telescope,  but  observed  the  heavens  through 
fissures.  Halley,  who,  during  his  visit  to  Dantzic  in  1679,  was  present 
at  these  observations,  praises  their  exactness  somewhat  too  highly. 
Cosmos,  voL  iii,  p.  52. 

^  Traces  of  the  diurnal  and  horary  variations  of  the  magnetic  foroe 
had  been  observed  in  London  as  early  as  1634,  by  Helhbrand,  and  in 
Slam,  by  Father  Tachard,  in  1682. 
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xestrial  magnetism  (1784 — 1788).  Their  ingenious  physical 
experiments  embraced  the  magnetic  attraction  of  all  matter, 
the  local  distribution  of  the  force  in  a  magnetic  rod  of  a 
given  form,  and  the  law  of  its  action  at  a  distance.  In  order 
to  obtain  accurate  results,  the  vibrations  of  a  horizontal 
needle  suspended  by  a  thread,  as  well  as  deflections  by  a 
torsion  balance,  were  in  turn  employed. 

The  knowledge  of  the  difference  of  intensity  of  ter- 
restrial magnetism  at  different  points  of  the  earth's  surface 
by  the  measurement  of  the  vibrations  of  a  vertical  needle 
in  the  magnetic  meridian,  is  due  solely  to  the  ingenuity 
of  the  Chevalier  Borda ;  not  from  any  series  of  specially 
successful  experiments,  but  by  a  process  of  reasoning,  and 
by  the  decided  influence  which  he  exerted  on  those  who 
were  equipping  themselves  for  remote  expeditions.  Borda's 
long  cherished  conjectures  were  first  confirmed  by  means 
of  observations  made  from  the  year  1785  to  1787,  by 
Lamanon,  the  companion  of  La  Perouse.  These  results 
remained  unknown,  unheeded,  and  unpublished,  although 
they  had  been  communicated  as  early  as  the  summer 
of  the  last-named  year  to  Condorcet,  the  Secretary  of  the 
Acadlmie  des  Sciences.  The  first,  and  therefore  cer- 
tainly an  imperfect  knowledge  of  the  important  law  of  the 
variability  of  intensity  in  accordance  with  the  magnetic 
latitude,  belongs  undoubtedly"  to  the  unfortunate  but  scien- 
tifically equipped  expedition  of  La  Perouse ;  but  the  law 
itself,  as  I  rejoice  to  think,  was  first  incorporated  in  science 
by  the  publication  of  my  observations,  made  from  1798  to 
1804,  in  the  south  of  France,  in  Spain,  the  Canary  Islands, 
the  interior  of  tropical  America  both  north  and  south  of  the 
equator,  and  in  the  Atlantic  and  Pacific  Oceans.  The  suc- 
cessful expeditions  of  Le  Gentil,  Feuill^,  and  Lacaille ;  the 
first  attempt  made  by  Wilke,  in  1768,  to  construct  an  incli- 
nation chart ;  the  memorable  circumnavigations  of  Bougain- 
ville, Cook,  and  Vancouver,  have  all  tended,  although  by  the 

«7  Cosmos,  voL  i,  pp.  179^181.  The  admirable  conatructioii  of  the 
inclination  compass  made  by  Lenoir,  according  to  Borda's  plan,  the  pos- 
sibility of  having  long  and  free  oscillations  of  the  needle,  the  much 
diminished  friction  of  the  pivots  and  the  correct  adjustment  of  instru- 
ments provided  with  scales,  have  been  the  means  of  enabling  us  accu- 
rately to  measure  the  amount  of  the  terrestrial  force  in  different  zones* 
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he^  of  inslriimeHlts  possessing  veiy  unequal  degrees  of  exact- 
nesBy  to  establisj}!  the  previouslj  neglected,  but  Yerj  important 
element  of  inclination  at  various  interrals  of  time,  and  at 
BXany  difT^^nt  points ;  the  obserrations  being  made  more  at 
aea  and  in  the  immediate  vjLcinitjr  of  the  ocean  than  in  the 
intmor  of  continenta  Towards  the  ckse  of  the  18th 
century,  the  stationary  observations  of  declination  whidi 
vere  made  by  Cassini,  Gilpin,  and  Beaufoy  (from  1784  to 
1790),  with  more  perfect  instruments,  showed  definitely  that 
there  is  a  periodical  influence  at  difllbrent  hours  of  the  day, 
zfeo  leas  than  at  di^Ger^at  seasons  oi  the  year, — ^a  discovery 
wiiich  imparted  a  new  stimulus  to  magnetie  investigation?. 

In  the  19th  century,  half  of  which  has  now  expired,  this 
increased  activity  has  assumed  a  special  character  difl^ring 
from  any  that  has  preceded  it.  We  refer  to  the  almost 
abnultaneous  advan^se  that  has  been  made  in  aQ  branches  of 
the  theory  of  tenestrial  magsietisBi,  coioprisuig  the  numerical 
determinatJon  of  the  intensity,  indinatioii  and  variation  of 
the  force  >  in  physicail  discoveries  m  respect  to  the  excitation 
and  the  amount  of  the  distribution  of  magnetism  ;  and  in 
the  iirst  and  brilliant  suggestions  of  a  theory  of  terrestrial 
miagnetiam,  which  has  be^  based  by  its  ^founder,  Eriedrich 
CSauss,  upon  strictly  mathematical  comfbinations.  The  means 
which  have  led  to  these  results  are  improvements  in  the 
instruments  aad  methods  employed ;  scientific  maritime 
eixpeditionis^  which  in  number  and  magnitude  have  exceeded 
those  of  any  other  cendtury,  and  which  have  been  carefui?^ 
equ^ped  at  the  expense  of  their  respective  €k>v«rmnents, 
ao^  ^voured  by  the  happy  choice  both  of  the  commanders 
aad  of  the  observers  who  have  aecompBiuied  them;;  and 
iweiova  expeditions  hy  land,  which  having  pen£trafted  fo 
into  the  interior  of  eonstkifents,  have  been  aHe  to*  ^ucidate 
ih&  phenoiaeDa  of  terrestrial  magnetism,  and  to  establish  a 
ho^  niimiber  e£  fixedi  stations,  situated  m  both  hemispheres 
in  cenrespondfttg  north  and  south  latitudes,  and  often  in 
almost  opposite  longitudes.  These  observatories,  which  are 
both  ma^etie  and  meteorological^  form  as  it  were  a  net^ 
work  over  the  earth's  sur£i,ce.  By  means  of  tlie.  ingenious 
combination  of  the  observaticius  which  have  been  ptthlisfaed 
at  the  national  expense  in  Bussia  ancC  En^^and?,  important 
and  unexpected  results  have  been  obtained.    The  estabiiisb- 
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ment  of  a^  law  regulating  tlie  mmifeiiaticHL  ei  fierce  wMtik  is 
a  proximate,  although  not  the  ultimate,  end  o£  all  inTeatiga- 
tiaiis,  has  been  satinra^torilj  efOacted  in  toolj  indffidxial 
phases  of  the  phaaomenon^  All  that  has  beeo.  disoorered  by 
means  of  i^ysioal  expetioieiils  ccmeemiiig  the  idatins 
vhieh  terrestrial  magnetiEoa  beiffs  to  excited  c^eetricKtj,.  to 
radiating  heat  and  to  li^t,  and  all  tihat  we  m&j  asannifi  in 
reference  to  the  only  h^y  geseraMaed  ithesoioena  of  dia- 
magnetism,  and  to  that  speeiie  property  of  aimoapheiiG 
oxygen — polarity— opens^  at  all  events  the  cheeonng  prospect, 
that  we  are  dnkwing  near^^  to*  the  actual  nature  of  tite 
magnetic  force. 

£i  order  to  justify  the  praise  whieh  we  haive  generally  ex- 
pressed in  reference  to  the  magneftie  labours  of  the  first  half 
of  our  century,  I  wiU  h&ce^  m  aacordaiiee  with  the  naticpe 
and  form  of  tii0  preaest  woi^iirie^  eauiaexste  the  psineipal 
sources  of  our  infornuBtio%,  arrangmg*  them,  in  some  cases 
ehrcmologically,  and  ij^  others  in  ffB&aps»  ^ 

1803—1806.  Kriiaenstern'»ToyBgeiQf»idthew<»ldQ812); 
the  magnetic  a&d  astnmomiealpcfftioa  was  by  Homer  ^Bd.  iir, 
&  317). 

1804»  luTeatigsfeion  of  tho  law  of  ^e  incfcauie  in  the  m- 
tensity  of  terrestrial  magnetic  force  from  the  magnetie 
equator  northward  and  southward,  based  upozL  obserratibns 
made  from  17^  to  1804.  (Humboldt,  Tb^a^m  au»  Bd^ions 
£quinoaiale»  du  ^Nbuveau  Oontment,  t.  iii,  ppu  %15 — 62^] 
Lametherie,  Journal  de  Physique,  t.  Ixix,.  1804,  p^  433  ;  idift 
first  sketch  of  a  chart  shK^vring  the  intenarties  of  the  fi>rce. 
Cosmos,  vol.  iy  p.  1 79)*  Lates  obserrations  have  a^wa  that 
the  TOiniTTnim  of  the  intenffity  does  not  correi^ad  to  the 
magnetic  eq»aior^  aibd.  that  the  increascr  of  the  inteflBity 
m.  both  hemisphezes  doea  aot  extend  to  the  magnetic  polieL 

1800—^1806.  Qay-Luflseic  asd  HuiBlioldt,  Obaervations  of 
Xnteoaity  in  the  sa«lih  of  Fratnee,  Italy,.  Bwitzeirland^  aaauil 
Gexmany.  Memoir e9  da  la  Socidti  d'Areueil,  t.  i^  ppi  1 — 22i 
Cemparo.  the*  obaervaitieEBa  of  Quetelet,  1830*  aadL  1  SdQ,  witb  a 

®  The  dates  wi^  whioh  the  Ibllowing  tftbl«- begins  (a%  f or  instanee^ 
fSroin  1^03 — 1806)  ihdicsta  the  epocli  of  the  obiaervai^on,  ^vthila  the 
iguam  which  ttre  tncffked  fa  brackets,  and  appended^  to  the  iStlea  of  t&a 
VMvlcs,  indsBttto  t&a  data  «f  thcas  publiasition^  whicA  ma  freqaently 
BMRAilaldr. 
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"  Carte  de  rintensit^  magn^tique  horizontale  entre  Paris  et 
Naples,"  in  the  Mem.  de  VAcad,  de  Bruscelles,  t.  xiv ;  the 
observations  of  Forbes  in  Germany,  Flanders,  and  Italy  in 
1832  and  1837  {Transact,  of  the  Royal  Soc,  of  Edinhurghy 
vol.  XV,  p.  27) ;  the  extremely  accurate  observations  of  Riid- 
berg  in  France,  Germany,  and  Sweden,  1832  ;  the  observa- 
tions of  Dr.  Bache  (Director  of  the  Coasts'  Survey  of  the 
United  States),  1837  and  1840,  at  21  stations  both  in  refer- 
ence to  inclination  and  intensity. 

1806 — 1807.  A  long  series  of  observations  at  Berlin  on 
the  horary  variations  of  declination  and  the  recurrence  of 
magnetic  storms  (perturbations)  by  Humboldt  and  Oltmanns, 
mainly  at  the  periods  of  the  solstices  and  equinoxes  for  5 
and  6,  or  even  sometimes  9  days,  and  as  many  nights  conse- 
cutively, by  means  of  Prony's  magnetic  telescope  which 
allowed  arcs  of  7  or  8  seconds  to  be  distinguished. 

1812.  Morichini,  of  Borne,  maintained  that  non-magnetia 
steel-needles  become  magnetic  by  contact  with  the  violet 
rays  of  light.  Begarding  the  long  contention  excited  by  this 
assertion  and  the  ingenious  experiments  of  Mrs.  Somer- 
ville,  together  with  the  wholly  negative  results  of  Biess  and 
Moser,  see  Sir  David  Brewster,  Treatise  on  Magnetism,  1837, 
p.  48. 

•tQoo     1R96  f  ^®  *^^  circumnavigation  voyages  of  Otto 

von  Kotzebue,  the  first  in  the  Buric,  the  second,  five  years 
later,  in  the  Predprijatie. 

1817 — 1848.  The  series  of  great  scientific  maritime  expe- 
ditions equipped  by  the  French  Government,  and  which 
yielded  such  rich  results  to  our  knowledge  of  terrestrial 
magnetism ;  beginning  with  Freycinet's  voyage  in  the  cor- 
vette Uranie  1817 — 1820,  and  followed  byjpuperrey  in  the 
frigate  La  Coquille  1822 — 1825,  Bougainville  in  the  frigate 
Thetis  1824—1826,  Dumont  d'Urville  in  the  Astrolabe 
1826—1829,  and  to  the  south  pole  in  the  Zll^  1837—1840, 
Jules  De  Blosseville  to  India  1828  (Herbert  Asiat.  Be- 
searches^  vol  xviii,  p.  4,  Humboldt,  Asie  Gent.  t.  iii,  p.  468), 
and  to  Iceland  1833,  (Lottin,  Voy.  de  la  JRecherche  1836, 
pp.  376 — 409),  du  Petit  Thenars  with  Tessan  in  the  Yenus 
1837—1839,  le  VaHlant  in  the  Bonite  1836—1837,  the 
voyage  of  the  "  Commission  scientifique  du  Nord  "  (Lottin, 
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Bravais,  Martins,  Siljestrom)  to  Scandinavia,  Lapland,  the 
Faroe  Islands,  and  Spitzbeigen  in  the  corvette  la  Kecherclie 
1835—1840,  B6rard  to  the  Gulf  of  Mexico  and  North 
America  1838,  to  the  Cape  of  Gk)od  Hope  and  St.  Helena 
1842  and  1846  (Sabine  in  the  FhiL  l^ransact  for  lSi9, 
pt.  ii,  p.  175),  and  Francis  de  Castlenau,  Voff,  dans  les  parties 
centrales  de  VAmerique  du  Sud  1847 — 1850. 

1818 — 1851.  The  series  of  important  and  adventurous  ex* 
peditions  in  the  ArcticPolar  Seas  through  the  instrumentaUty 
of  the  British  Government  first  8U^;ested  bj  the  praise* 
worthy  zeal  of  John  Barrow;  Edward  Sabine's  magnetic  and 
astronomical  observations  in  Sir  John  Ross's  voyage  to  Davis 
Straits,  Baffin's  Bay,  and  Lancaster  Soimd  in  1818,  as  well  as 
in  Parry's  voyage  in  the  Hecla  and  Griper  through  Barrow 
Straits  to  Melville  Island  1819—1820  ;  Franklin,  Richard* 
son,  and  Back  1819—1822,  and  again  from  1825—1827, 
Back  alone  from  1833 — 1835,  when  almost  the  only  food 
that  the  expedition  could  obtain  for  weeks  together  was  a 
lichen,  Oyrophora  pustulata,  the  ^^  Tripe  de  Roche "  of  the 
Canadian  hunters,  which  has  been  chemically  analyzed  by 
John  Stenhouse  in  the  Fhil  Transact  for  1849,  pt.  ii,  p.  393 ; 
Parry's  second  expedition  with  Lyon  in  the  Fury  and  Hecla 
1821—1823  ;  Parry's  third  voyage  with  James  Ross  1824— 
1825  ;  Parry's  fourth  voyage  when  he  attempted  with  Lieu- 
tenants Foster  and  Crozier  to  penetrate  northward  from 
Spitsbergen  on  the  ice  in  1827,  when  they  reached  the  lati* 
tude  82  45' ;  John  Ross,  together  with  his  accomplished 
nephew  James  Ross,  in  a  second  voyage  undertaken  at  the 
expense  of  Felix  Booth,  and  which  was  rendered  the  more 
perilous  on  account  of  protracted  detention  in  the  ice,  namely 
from  1829  to  1833 ;  Dease  and  Simpson  of  the  Hudson's 
Bay  Company  1838 — 1839 ;  and  more  recently,  in  search  of 
Sir  John  FrankUn,  the  expeditions  of  Captains  Ommanney, 
Austin,  Penny,  Sir  John  Ross,  and  Phillips  1850  and  1851. 
The  expedition  of  Captain  Penny  reached  the  northern  lati- 
tude of  77°  6'  Yictoria  Channel  into  which  Welliogton 
Channel  opens. 

1819 — 1821.  Bellinghausen's  voyage  into  the  Antarctic 
Ocean. 

1819.  The  appearance  of  the  great  work  of  Hansteen  On 
the  Magnetism  oj  the  Earthy  which,  however,  was  completed 
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as  early  as  1813.  This  work  has  exercised  an  undoubted 
influence  on  the  encouragement  and  better  direction  of  geo- 
magnetic studies,  and  it  was  followed  by  the  author's  general 
charts  of  the  curves  of  equal  inclination  and  intensity  for  a 
considerable  part  of  the  earth's  siirface. 

1819.  The  .observations  of  Admirals  Roussin  and  Givry 
on  the  Brazilian  coasts  between  the  mouths  of  the  rivers 
Marafion  and  La  Plata. 

1819 — 1820.  Oersted  made  the  great  discovery  of  the  fact 
that  a  conductor  that  is  being  traversed  by  a  closed  elec- 
tric current,  exerts  a  definite  action  upon  the  direction  of 
the  magnetic  needle  according  to  their  relative  positions, 
and  as  long  as  the  current  continues  uninterrupted.  The 
earliest  extension  of  this  discovery  (together  with  that  of 
the  exhibition  of  metals  from  the  alkalies  and  that  of  the 
two  kinds  of  polarization  of  Hght— probably  the  most  bril- 
liant discovery  of  the  century — )•  was  due  to  Arago's  observ- 
ation, that  a  wire,  through  which  an  electrical  current  is 
passing,  even  when  made  of  copper  or  platinum,  attracts 
and  holds  fast  iron  filings  like  a  magnet,  and  that  needles 
introduced  into  ^  the  interior  of  a  galvanic  helix  become 
alternately  charged  by  the  opposite  magnetic  poles  in  ac- 
cordance with  the  reversed  dii'ection  of  the  coils  {Ann.  de 
Chim.  et  de  IPhys.,  t.  xv,  p.  93).  The  discovery  of  these 
phenomena,  which  were  exhibited  under  the  most  varied 
modifications,  was  followed  by  Ampere's  ingenious  theore- 
tical combinations  regarding  the  alternating  electro-magnetic 
actions  of  the  molecules  of  ponderable  bodies.  These  com- 
binations were  confirmed  by  a  series  of  new  and  highly 
ingenious  instruments,  and  led  to  a  knowledge  of  the  laws 
of  many  hitherto  apparently  contradictory  phenomena  of 
magnetism. 

1820 — 1824.  Ferdinand  von  Wrangel's  and  Anjou's  ex- 
pedition to  the  north  coasts  of  Siberia  and  to  the  Frozen 
Ocean.  (Important  phenomena  of  polar  light,  see  tk  ii, 
s.  259.) 

1820.  Scoresby's  Account  of  the  Arctic  B^gions  j  experi- 
ments of  magnetic  intensity,  vol.  ii,  p.  537 — 554. 

1821.  Seebeck's     discovery  of    thermo-magnetism    and 

^  Malus's  (1808)  and  Arago's  (1811)  ordinary  and  chromatic  polarl- 
ication  of  Light.    Sea  Cotmoif  vol  ii,  p.  715. 
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Acrmo -electricity.  The  eontact  of  two  unequally  warmed 
metals  (especially  bismuth  and  copper)  or  differences  of  tem- 
perature in  the  individual  parts  of  a  homogeneous  metallic 
ring,  were  recognised  as  sources  of  the  production  of  mag* 
neto-electiic  currents. 

1821 — 1823.  Weddell's  voyage  into  the  Antarctic  Ocean 
as  far  as  lat.  74°  15'. 

1822 — 1823.  Sabine's  two  important  expeditions  for  the 
accurate  determination  of  the  magnetic  intensity  and  the 
length  of  the  pendulum  in  different  latitudes  (from  the  east 
coasts  of  Africa  to  the  equator,  Brazil,  Havannah,  Green- 
Iftnd  as  far  as  lat.  74°  23',  Norway  and  Spitzbergen  in  lat, 
79°  50').  The  results  of  these  very  comprehensive  operations 
were  first  published  in  1824  under  the  title  of  Accoimt  of 
JExperimenU  to  determine  the  Figure  of  the  Earthy  pp.  460 
—509. 

1824.  Erikson's  Magnetic  Observations  along  the  shores 
of  the  Baltic. 

1825.  Arago  discovers  Magnetism  of  dotation.  The  first 
suggestion  that  ted  to  this  unexpected  discovery  was 
afforded  by  his  observation  on  the  side  of  the  hill  in  Green* 
wich  Park  of  the  decrease  in  the  duration  of  the  oscillations 
of  an  inclination  needle  by  the  action  of  neighbourin£:  non- 
magnetic substances.  In  Aiago's  rotation  experiments,  the 
oscillations  of  the  needle  were  afiected  by  water,  ice,  glass, 
charcoal,  and  mercury.*'' 

1825 — 1827.  Magnetic  Observations  by  Boussingault  in 
difierent  parts  of  South  America  (Marmato,  Quito). 

1826—1827.  Observations  of  Intensity  by  Keilhau  at  20 
stations  (in  Finmark,  Spitzbergen,  and  Bear  Island),  bj 
Keilhau  and  Boeck  in  Southern  Germany  and  Italy  (Schum. 
Astr.  Nachv.  No.  146). 

1826 — 1829.  Admiral  Liitke's  voyage  round  the  world; 
the  magnetic  part  was  most  carefully  prepared  in  1834  by 
Lenz  (see  Fartie  Nautique  du  Voyage^  1836). 

1826 — 1830.  Captain  Philip  Parker  King's  Observations 
in  the  southern  portions  of  the  eastern  and  western  coasts 
of  South  America  (Brazil,  Monte  Yid'eo^  the  Straits  of 
Magellan,  Chili,  and  Valparaiso).. 

1827—1839.  Quetelet,  Etat    du  Magnitism§    Terrestre 

^  CkumoB,  vol  i„  pk  172l. 
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(JSruspelles)  pendant  dauze  anniee*    Yeiy  aocurate  obsenra* 
tions. 

1827.  Sabine,  Ou  the  determinatioiL  of  tlie  relative  inten- 
sity  of  the  magnetic  terrestiial  foroe  in  Paris  and  London. 
An  analogous  comparison  between  Paris  and  Christiana  was 
made  by  Hansteen  in  1825 — 1828  {Meeting  of  the  British 
Association  at  Idverpool  1837,  pp.  19-^^23).  The  many 
results  of  intensity,  which  had  been  obtamed  by  French, 
English,  and  Scandinavian  travellers,  now  first  admitted  of 
being  brought  into  nnmerical  connection  with  oscillating 
needles,  which  had  been  compared  together  at  the  three 
above-named  cities.  These  numbers  which  could  therefore 
now  be  established  as  relative  values  were  found  to  be  for 
Paris  1.3^8,  as  determined  by  myself,  for  London  1.372 
by  Sabine,  and  for  ChristisJiA  1.423  by  Hansteen.  They 
all  refer  to  the  intensity  of  the  magnetic  force  at  one 
point  of  the  magnetic  equator  (the  curve  of  no  inclination) 
which  intersects  the  Peruvian  Cordilleras  between  Micui-' 
pampa  and  Caxamarca,  in  south  latitude  7°  2'  and  western 
longitude  78"^  48',  where  the  intensity  was  assumed  by 
myself  as  ==  1.000.  This  assumed  standard  (Humboldt, 
BecueU  d'Observ.  Astr.  vol.  ii,  p.  382 — 385,  and  Voyage  aux 
Regions  Equin.,  t.  iii,  p.  622)  formed  the  basis,  for  forty 
years,  of  the  reductions  given  in  all  tables  of  intensity  (Gay- 
Lussac  in  the  If  dm,  de  la  Soeietd  d*ArcueU,  t.  i.  1807,  p.  21; 
Hansteen,  On  the  Magnetism  of  the  JSartk,  1819,  p.  71 ; 
Sabine^  in  the  Bep.  of  the  British  Association  at  Liverpool, 
pp.  43--58).  It  has,  however,  in  recent  times  been  justly 
objected  to  on  account  of  its  want  of  general  applicability, 
because  the  line  of  no  inclination^^  does  not  connect  together 

71  «  Before  the  practice  was  adopted  of  determining  ahfolute  vatttes, 
the  most  generally  used  scale  (and  which  still  oontinuea  to  be  veiy  fre- 
quently referred  to),  was  founded  on  the  time  of  vibration,  observed  by 
Hr.  de  Humboldt,  about  the  commencement  of  the  present  century,  at  a 
station  in  the  Andes  of  South  America,  where  the  direction  of  the  dipping 
needle  was  horizontal,  a  condition  which  was  for  some  time  erroneously 
supposed  to  be  an  incUcation  of  the  minimum  of  magnetic  force  at  the 
earth's  surface.  From  a  comparison  of  the  times  of  vibration  of  Mr.  de 
Humboldt's  needle  in  South  America  and  in  Paris,  the  ratio  of  the 
magnetic  force  at  Paris  to  what  was  supposed  to  be  its  minimum  was 
inferred  (1.348)^  and  from  the  results  so  obtained,  combined  with  a 
Biinilar  comparison  made  by  myself  between  Paris  and  London,  in  1827, 
with  several  magnets,  the  ratio  of  the  force  in  London  to  that  of  Mr. 
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tlie  podntsof  feeblest  intensity  (Sabine,  in  the  Phil»  Hhmtiu^, 
for  1846,  pti  iii,  p.  254,  and  in  the  Manual  ofSoient.  Inqmrf 
far  the  use  of  the  British  Navy,  1849,  p.  17). 

1828 — 1829.  The  voyage  of  Hansteen  and  Due :  Magne* 
tic  observations  in  European  Russia  and  in  Eastern  Sibem 
as  far  as  Irkutsk* 

1828 — 1830.  Adolf  Erman's  voyage  of  circumnavigation^ 
with  his  journey  through  Northern  Asia,  and  his  passage 
across  both  oceans,  in  the  Bussian  frigate  Krotkoi.  The 
identity  of  the  instruments  employed,  the  uniformity  of  the 
methods  and  the  exactness  of  the  agronomical  determina* 
tions  of  position  will  impart  a  permanent  scientific  reputa- 
tion to  this  expedition,  which  was  equipped  at  the  expense 
of  a  private  individual,  and  conducted  by  a  thoroughly  well- 
informed  and  skilful  observer.  See  the  general  declination 
Chart,  based  upon  Erman's  observations  in  the  Iteport  ofihe 
Committee  relat.  to  the  Arctic  Sapedition,  1840,  pL  3. 

1828 — 1829.  Humboldt's  contmuation  of  the  observations 
begun  in  1800  and  1807,  at  the  time  of  the  solstices  and 
equinoxes  regarding  horary  declination  and  the  epochs  of 
extraordinary  perturbations,  carried  on  in  a  magnetic  pavi- 
lion specially  erected  for  the  purpose  at  Berlin,  and  provided 
with  one  of  Crambey's  compasses.  Corresponding  measure- 
ments were  made  at  St.  Petersburgh,  Nikolajew,  and  in  the 
mines  of  Freiberg,  by  Professor  Beich,  227  feet  below  the 
surface  of  the  soiL  Dove  and  Riess  continued  these  observa- 
tions in  reference  to  the  variation  and  intensity  of  the 
horizontal  magnetic  force  till  November  1830  (PoggenJ. 
Annalen.  Bd.  xv,  s.  318— 33e,-  Bd.  xix,  s.  375—391,  with 
16  tab. ;  Bd.  xx,  s.  545-^55). 

1829 — 1834.  The  botanist  David  I>ouglas,  who  met  his 
death  in  Owhyhee,  by  fisblling  into  a  trap  in  which  a  wild 
bull  had  previously  been  caught,  made  an  admirable  series  of 

de  Humboldt's  original  sttttion  in  South  America  has  been  inferred  to 
be  1.372  to  1.000.  This  is  the  origin  of  the  number  1.372,  which  has 
been  generally  employed  by  BritSdi  observers.  By  abaohUe  meMiire- 
ments  we  are  not  onfy  enabled  to  compare  numerically  with  one 
another  the  resnltv  of  experiments  made  in  the  most  distant  parts  of 
the  globe,  with  apparatus  not  previously  compared,  but  we  also  furnish 
the  means  of  comparing  hereafter  the  intensity  which  exists  at  the  pre- 
sent  epoch,  with  that  which  may  be  found  at  future  periods."  Sabine, 
in  the  Uwwwdfor  the  uk  of  the  Britith  Navy,  1849,  p.  17r 


70  cosMoa 

observations  on  declination  and  intensity  along  the  ^ortli-* 
west  coast  of  America,  and  upon  the  Sandwich  Islands  as 
far  as  the  margin  of  the  crater  of  Kiraueah  (Sabine,  Eep.  of 
the  Meeting  of  the  British  Association  at  Liverpool,  pp.  27 
—32). 

1829.  Kupffer,  Voyage  au  Mont  JSlbrouz  dans  le  Caucase, 
pp.  68—115. 

1829.  Humboldt's  magnetic  observations  on  terrestrial 
magnetism  with  the  simultaneous  astronomical  determina- 
tions of  position  in  an  expedition  in  Northern  Asia  under- 
taken by  command  of  the  Emperor  Nicholas,  between  the 
longitudes  11°  3'  and  80°  12'  east  of  Paris,  near  the  Lake 
Dzaisan  as  well  as  between  the  latitudes  of  45°  43'  (the 
island  of  Biiutschicassa  in  the  Caspian  Sea)  to  58°  52'  in 
the  northern  parts  of  the  Ural  district  near  Werchoturie 
{Asie  Centrale,  t.  iii,  pp.  440 — 478). 

1829.  The  Imperial  Academy  of  Sciences  at  St.  Peters* 
burgh,  acceded  to  Humboldt's  suggestion  for  the  establish- 
ment of  magnetic  and  meteorological  stations  in  the  different 
climatic  zones  of  European  and  Asiatic  Russia,  as  well  as  for 
the  erection  of  a  physical  central  observatory  in  the  capital 
of  the  empire  under  the  efficient  scientific  direction  of  Pro- 
fessor Kupffer.  (See  Cosmos,  vol.  i,  p.  184.  Kupffer  Bap- 
port  adresse  a  VAcad,  de  St  Betershourg  relatif  a  VOhser- 
vatoire  physique  central,  fonde  awpres  du  Corps  des  Mines, 
in  Schum.  Astr,  Nachr,  No.  726  ;  and  in  his  Annales  Mag- 
fiStiques,  p.  xi. )  Through  the  continued  paffcronage,  which  the 
finance  Minister,  Count  Cancrin,  has  awarded  to  every 
great  scientific  undertaking,  a  portion  of  the  simultaneously 
corresponding  observations'*  between  the  White  Sea  and 

"^  The  first  idea  of  the  utility  of  a  systematic  and  sunultaneouely  con- 
ducted series  of  magnetic  observations  is  due  to  Celsius,  and,  without 
referrii^g  to  the  discovery  and  .measurement  of  the  influence  of  polar 
light  on  magnetic  variation,  which  was,  in  fact,  due  to  his  assistant, 
Olav  Hiorter  (March,  1741),  we  may  mention  that  he  was  the  means  of 
inducing  Graham,  in  the  summer  of  174i,  to  join  him  in  his  inves* 
tigations  for  discovering  whether  certain  extraordinary  perturbations, 
which  had  from  time  to  time  exerted  a  horary  influence  on  the 
course  of  the  magnetic  needle  at  Upeala  had  also  been  observed  at  the 
same  time  by  him  in  London.  A  simultaneity  in  the  perturbations 
afibrded  a  proof,  he  said,  that  the  cause  of  these  disturbances  is  ex- 
tended over  considerable  portions  of  the  earth's  surface,  and  is  not 
dependent  upon  accidental  local  actions    (Celsius,  in  Svenska  Veten^ 
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the  Crimeay  and  between  the  Gtdf  of  Finland  and  the  shores 
of  the  Pacific  in  Russian  America,  were  begun  as  early  as 
1832.  A  permanent  magnetic  station  was  established  in  the 
old  monastery  at  Pekin,  which,  from  time  to  time  since  the 
reign  of  Peter  the  Great,  has  been  inhabited  by  monks  of 
the  Greek  Church.  The  learned  astronomer,  Fuss,  who  took 
the  principal  part  in  the  measurements  for  the  determination 
of  the  difference  of  level  between  the  Caspian  and  the  Black 
Sea  was  chosen  to  arrange  the  first  magnetic  establishments 
in  China,  At  a  subsequent  period  Kupffer  in  his  voyage  of 
circumnavigation  compared  together  all  the  instruments 
that  had  been  employed  in  the  magnetic  and  meteorological 
stations  as  far  east  as  Nertschinsk  in  119°  36'  longitude,  and 
with  the  fimdamental  standards.  The  magnetic  observations 
of  Fedorow,  in  Siberia,  which  are  no  doubt  highly  valuable^ 
are  still  unpublished. 

1830 — 1845.  Colonel  Graham  of  the  topographical  en- 
gineers of  the  United  States,  made  observations  on  the  mag- 
netic intensity  at  the  southern  boundary  of  Canada  (Phil, 
Transact,  for  1846,  pt.  iii,  p.  242). 

1830.  Fuss^  Magnetic,  Astronomical,  and  Hypsometrical 
Observations  on  the  journey  from  the  Lake  of  Baikal^ 
through  Ergi-Oude,  Durma,  and  the  Gobi,  which  lies  at  an 
elevation  of  only  2525  feet,  to  Pekin,  in  order  to  establish 
the  magnetic  and  meteorological  observatory  in  that  city, 
where  Kovanko  continued  for  10  years  to  prosecute  his 
observations  {Bep.  of  the  Seventh  Meeting  of  the  Brit, 
Amoc,  1837,  pp.  497 — 499 ;  and  Humboldt,  Asie  Centrale, 
t.  i,  p.  8  ;  t.  ii,  p.  141 ;  t.  iii,  pp.  468,  477). 

1831 — 1836.  Captain  Fitzroy  in  his  voyage  round  the 
world  in  the  Beagle,  as  well  as  in  the  survey  of  the  coasts 
of  the  most  southern  portions  of  America,  with  a  Gam- 

skaps  Acddemieru  ffcmdJingar  fir  1740,  p.  44  ;  Hiorter,  op.  dt,  1747, 
p.  27).  As  Arago  had  recognised  that  the  magnetic  perturbation^ 
0¥dng  to  polar  light  are  diffused  over  districts,  in  which  the  pheno- 
mena of  fight  which  accompany  magnetic  storms  have  not  been  seen, 
he  devised  a  plan,  by  which  he  was  enabled  to  carry  on  simultaneous 
horary  observations  (in  1823)  with  our  common  friend  KupfiFer,  at 
Easan,  which  lies  almost  47°  east  of  Paris.  Similar  simultaneous  ob- 
servations of  declination  were  begun  in  1828  by  myself,  in  conjunction 
with  Arago  and  Eeich,  at  Berlin,  Paris,  and  Freiberg  (see  Poggend. 
Annalen,  Bd.  xiz,  s.  837).  - 
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bey^s  inclinatorium  and  oscillation  needles  supplied  by  Han- 
steen. 

1831.  Dunlop,  Director  of  the  Observatory  of  Paramatta, 
Observations  on  a  voyage  to  Australia  {Fkil.  TrwnsticLfor 
1840,  pt.  i,  pp.  133—140). 

1831.  Faraday's  induction-^mrrents^  wbose  theory  has 
been  extended  by  Nobili  and  Antinori.  The  great  discovery 
of  the  development  of  light  by  magnets. 

1833  and  1839  are  the  two  important  epochs  of  the  first 
enunciation  of  the  theoretical  views  of  Gauss  :  (1)  Intensitas 
vis  magneticae  terrestiis  ad  mensuram  absolutam  revocata, 
1833 ;  (p.  3 :  ''  elementum  tertium,  intensitas,  usque  ad 
tempera  recentiora  penitus  neglectum  mansit");  (2)  the 
immortal  work  on  '*  the  general  theory  of  terrestrial  mag- 
netism "  (see  Besults  of  the  observations  of  the  Magnetic 
Association  in  the  year  1838,  edited  by  Gauss  and  Weber, 
1839,  pp.  1—57). 

1833.  Observations  of  Barlow  on  the  attraction  of  the 
ship's  iron,  and  the  means  of  determining  its  deflecting 
action  on  the  compass.  Investigation  of  electro- magnetic 
currents  in  Terrellas.  Isogenic  atlases.  Compare  Barlow's 
Essay  on  Magnetic  Attraction,  1833,  p.  89,  with  Poisson, 
9W  les  deviations  de  la  houssole  produite  par  lefer  des  vais- 
seauop  in  the  Mem  de  VInstitut,  t.  xvi,  pp.  481 — 555 ;  Airy, 
in  the  Fhil  Transact,  for  1839,  pt.  i,  p.  167  ;  and  for  1843, 
pt.  ii,  p.  146^  j  Sir  James  Boss,  in  the  Phil,  Transact,  for 
1849,pt.  ii,pp.  177— 195). 

1833.  Moser's  methods  of  ascertaining  the  position  and 
force  of  the  variable  magnetic  pole  (Poggend.,  Annalen,  Bd. 
xxviii,  s.  49—296). 

1833.  Christie  on  the  Arctic  observations  of  Captain  Back. 
PM.  OH'ansaet,  for  183S,  pt.  ii.  p.  377  (Compare  also  his 
earlier  and  important  treatise  in  the  JPhil.  Traiysact  for 
1825,  pt.  i.  p.  23.) 

1834.  Parrot's  expedition  to  Ararat  (Magnettsmus,  bd.  ii, 
8.53—64).  ^ 

1836.  Major  Estcourt,  in  the  expedition  of  Colonel  Ches- 
ney  on  the  Euphrates.  A  portion  of  the  observations  on 
intensity  were  lost  with  the  steamer  Tigris,  which  is  the 
more  to  be  regretted  since  we  are  entirely  deficient  in 
accurate  observations  of    this  portion  of  the   interior  of 
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Western  Asia^  and  of  the  regions  l3rmg  south  of  the  Caspian 
Sea. 

1836.  Letter  from  M.  A.  de  Humboldt  to  H.R.H.  Dnte 
of  Sussex,  President  of  the  !Royal  Society  of  London^  on  the 
proper  means  of  improying  our  knowledge  of  terrestrial  mag- 
netism by  the  establishment  of  magnetic  stations  and  cor- 
responding observations  (April  1836).  On  the  happy  results 
of  this  appeal,  and  its  influ^ice  on  the  great  Antarctic  expedi- 
tion of  Sir  James  Boss,  see  Cosmos,  yoL  i,  p.  136,  and  Sir 
James  Ross\t  Voyage  to  the  Southern  and  Antarctic  Regions 
1847,  vol.  i,  pt.  xiL 

1837.  Sabine,  On  the  Variations  of  the  Magnetic  Intensity  of 
the  Earth  in  the  Report  of  the  Seventh  Meeting  of  the  British 
Association  at  Liverpool^  pp.  1 — 85^.  The  most  complete 
work  of  the  kind. 

1837 — 1838.  Erection  of  a  magnetic  observatory  at  Dub- 
lin, by  Professor  Humphrey  Lloyd.  On  the  observations 
made  there  from  1840  to  1846  (see  OUremsaet.  of  the  Royal 
Irish  Academy,  vol.  xxii.  pt.  i,  pp.  74 — 96). 

1837.  Sir  David  il^wster,  A  Treatise  on  Magnettsw, 
pp.  185—263. 

1837 — 1842.  Sir  Edward  Belcher's  voyage  to  Singapore^ 
the  Chinese  Seas,  and  the  western  coasts  of  America  {Phil, 
n-ansact for  184:3,  pt.  ii,  pp.  113,  140—142).  These  observa- 
tions of  inclination,  when  compared  with  my  own,  which 
were  made  at  an  earlier  date,  show  a  very  imequal  advance 
of  the  curves.  Thus,  for  instance,  in  1803,  I  found  the  in* 
dinations  at  Acapulco,  Guayaquil,  and  Oallao  de  Lima  to  be 
+  38*=^  48',  -h  10°  42,'  and  —  9°  54';  whfle  Sir  Edward  Belcher 
found  H-  37°  57',  -h  9°  I',  and  —  9°  54'.  Can  the  frequent^ 
earthquakes  upon  the  Peruvian  coasts  exert  a  local  influence 
upon  the  phenomena,  which  depend  upon  magnetic  force 
of  the  earth  ? 

1838—1842.  Charles  Wilkes's  Narrative  of  the  United 
States'  Exploring  Ea^edition,  vol.  i,  p.  xxi. 

1838.  Lieutenant  James  Sullivan's  Voyage  from-Fahnouth 
to  the  Falkland  Islands  {FhiL  Transact,  for  1840,  pt.  i,  pp. 
129,  140—143). 

1838  and  1839.  The  establishment  of  magnetic  stations 
under  the  admirable  superintendence  of  General  Sabine  in 
both  hemispheres  at  the  expense  of  the  British  Government. 
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The  instraments  were  dispatched  in  1839,  and  the  observa* 
tions  were  begun  at  Toronto  and  in  Van  Diemen's  Land  in 
'1840,  and  at  the  Cape  in  1841  (See  Sir  John  Herschel  in  the 
Quarterly  Review,  vol.  Ixvi,  1840,  p.  297,  and  Becquerel, 
Traite  d'Mectridti  et  de  MJagnetisme,  t.  vi,  p.  173).  By  the 
careful  and  thorough  elaboration  of  these  valuable  observa- 
tions, which  embrace  all  the  elements  or  variations  of  the 
magnetic  activity  of  the  earth,  General  Sabine  as  superin- 
tendent of  the  Colonial  observatories,  discovered  hitherto 
unrecognized  laws,  and  disclosed  new  views  in  relation  to  the 
science  of  magnetism.  The  results  of  his  investigations  were 
collected  by  himself  in  a  long  series  of  separate  memoirs  (Con- 
tributions to  terrestrial  magnetism)  in  the  Philosophical 
Transactions  of  the  JRoyal  Society  of  London,  and  in  separate 
works,  which  constitute  the  basis  of  this  portion  of  the 
Cosmos,  We  will  here  indicate  only  a  few  of  the  most  im- 
portant (1)  Observations  on  days  of  tmusttal  magnetic  disturb- 
unces  (storms)  in  the  years  1840  and  1841,  pp.  1 — 107,  and  as 
a  continuation  of  this  treatise,  magnetic  storms  Jrom  1843 — 
1845  in  the  Fhil  Transact,  for  1851,  pt.  i,  pp.  123—139  , 
(2)  Observations  made  at  the  Magnetical  Observatory  at  Toronto 
1840,1841,  aadl842(43°39'N.Lat,  and  81°  4rW.  Long.)yol.i, 
pp.  xiv — xxviii;  (3)  The  very  variable  direction  of  magnetic  de- 
cUnation  in  one-half  of  the  year  at  Longwood  House,  St.  Selena 
(15"*  55'  S.  Lat.,  8°  3'  W.  Long.),  Philosophical  Transactions 
for  1847,  pt.  i,  p.'54;  (4)  Observ,  made  at  the  Magn.  and  Meteor. 
Observatory  at  the  Gape  of  Ghod  Hope  1841 — 1846;  (5)  Observ. 
made  at  the  Maqn.  and  Meteor.  Observatory  at  HobaHon 
<42°  52'  a  Lat.,  145°  T  E.  Long.)  in  Fan  Diemen's  Land  and 
the  Antarctic  ewpedition,  vol.  i  and  ii,  (1841 — 1848) ;  on  the  se-' 
fetation  if  the  eastern  and  western  distwrbances,  see  vol.  ii,  pp. 
ix — XXX  vi;  (6)  Magnetic  phenomena  within  the  Antarctic  p^r 
circle  in  KerguelerCs  and  Van  Diemen's  Land  {Phil,  Transact, 
for  1843,  pt.  ii,  pp.  145 — 231)  ;  (7)  On  the  isoclinal  and  isody- 
namic  lines  in  the  Atlantic  Ocean,  their  condition  in  1837 
{Phil.  Transact,  for  ISiO,  pt.  i,  pp.  129—155);  (8)  Basis  of  a 
diart  of  the  Atlantic  Ocean  which  exhibits  the  lines  of 
magnetic  variation  between  60°  N.  Lat.  and  60°  S.  Lat.  for 
the  year  1840  {Phil.  Tra/nsact.for  1849,  pt.  ii,pp.  173—233) ; 
(9)  Methods  of  determining  the  absolute  values,  secular  change,' 
ind  annual  variation  of  the  magnetic  force  {Phil.  Transact,  for 
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1850,  pt.  i,  pp.  201—219)  ;  Coincidence  of  tte  epochis  of  the 
greatest  vicinity  of  the  sun  with  the  greatest  intensity  of 
the  force  m  both  hemispheres,  and  of  the  increase  of  inclina- 
tion, p.  216;  (10)  On  the  amount  of  magnetic  intensity  in 
the  most  northern  fo/rts  of  the  New  Contment  and  upon  the 
point  of  greatest  magnetic  force  found  hy  Captain  Lefroy  in 
62°  19'  LsLt.  {Phil,  i^ransactfor  1846,  pt,  iii,  pp.  237—336)  ; 
(11)  The  periodic  alterations  of  the  three  elements  of  terrestrial 
magnetism,  variation,  inclination,  and  intensity  at  Toronto 
and  Hoharton,  and  on  the  connection  of  the  decennial  period 
of  magnetic  alterations  with  the  decennial  period  of  the 
frequency  of  solar  spots,  discovered  hy  Schwabe  at  Dessau 
{Fhil  Transact,  for  1852,  pt.  i,  pp.  121—124).  The  observa- 
tions of  variation  for  1846  and  1851  are  to  be  considered  as 
a  continuation  of  those  indicated  in  N0..I.  as  belonging  to 
the  years  1840—1845. 

1839.  Representation  of  magnetic  isoclinal  and  isodynamic 
lines  from  observations  of  Humphrey  Lloyd,  John  Phillips, 
Robert  Were  Fox,  James  Ross,  and  Edward  Sabine.  As 
O-irly  as  1833  it  was  determined  at  the  meeting  of  the 
British  Association  in  Cambridge,  that  the  magnetic  inclina-^ 
tion  and  intensity  should  be  determined  at  several  parts  of 
the  empire,  and  in  the  summer  of  1834  this  suggestion  was 
ftdly  carried  out  by  Professor  Lloyd  and  General  Sabine,  and 
the  operations  of  1835  and  1836  were  then  extended  to 
Wales  and  Scotland  {Report  of  the  Meeting  of  the  Brit, 
Assoc,  held  at  Newcastle,  1838,  pp.  49 — 196),  with  an 
isoclinal  and  isodynamic  chart  of  the  British  islands,  the 
intensity  at  London  being  taken  as  =  1. 

1838 — 1843.  The  great  exploring  voyage  of  Sir  James 
Ross  to  the  South  Pole,  which  is  alike  remarkable  for  the 
additions  which  it  afforded  to  our  knowledge  by  proving  the 
existence  of  hitherto  doubtful  polar  regions,  as  well  aa  for 
the  new  light  which  it  has  diffused  over  the  magnetic  con- 
dition of  large  portions  of  the  earth's  surface.  It  embraces 
all  the  three  elements  of  terrestrial  magnetism  numerically 
determined  for  almost  two-thirds  of  the  area  of  all  the 
high  latitudes  of  the  southern  hemisphere. 

1839 — 1851.  Kreil's  observations,  which  were  continued 
for  12  years,  at  the  Imperial  Observatory  at  Prague,  in 
reference  to   the    variation   of  all   the   elements  of   ter- 
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restrial  magnetism,  and  of  tlie  conjectured  soli-lTlnar  in- 
fluence. 

1840.  Horary  magnetic  obaervations  with  one  of  Gkmbey's 
declination  compasses  during  a  ten  years'  residence  in  Chili, 
by  Claudio  Gay  (see  his  Historia  Jisica  y  poUtica  de  Chile, 
1847). 

1840 — 1851.  Lament,  Director  of  the  Observatory  at 
Munich.  The  results  of  his  magnetic  observations,  compared 
with  those  of  G&ttingen,  which  date  back  as  far  as  1835. 
Investigation  of  the  important  law  of  a  decennial  period  in 
the  alterations  of  declination  (see  Lamont  in  Poggend.  Ann. 
der  Phys.,  1851,  Bd.  84,  s.  572—582,  and  Relshuber,  1852, 
Bd.  85,  s.  179 — 184).  The  already  indicated  conjectural  con- 
nection between  the  periodical  increase  and  decrease  in  the 
annual  mean  for  the  daily  variation  of  declination  in  the 
magnetic  needle,  and  the  periodical  frequency  of  the  solar 
spots  was  first  made  known  by  General  Sabine  in  the  Phil, 
Transact  for  1852,  and  four  or  five  months  later,  without 
any  knowledge  of  the  previous  observations,  the  same  result 
was  enunciated  by  Budolf  Wolf,  the  learned  Director  of  the 
Observatory  at  Berne.**  Lament's  manual  of  terrestrial  mag- 
netism, 1848,  contains  a  notice  of  the  newest  methods  of 
observation  as  well  as  of  the  development  of  these  methods. 

1840 — 1845.  Bache,  Director  of  the  Coasts'  Survey  of  the 
United  States,  Ohserv,  made  at  the  Magn,  and  Meteorol.  Oh^ 
servatory  at  GUrard^s  College^  Philadelphia  (published  in 
1847). 

1840 — 1842.  Lieutenant  Gilliss  V.  S.  Magnetieal  and  Me- 
teorologi-cal  Observations  made  at  Wmhinqton,  published  1847, 
pp.  2 — 319  ;  Magnetic  Storms,  p.  336i 

1841 — 1843.   Sir  Bobert  Schomburgk's  observations  of 

^  The  treatise  of  Rudolf  Wolf,  referred  to  in  the  text,  eontafaii» 
special  daily  obserration  of  the  sun's  spots  (fr^m  January  Ist  to  June^ 
dOth,  1852)  and  a  table  of  Lament's  periodical  variations  of  declination 
with  Schwabe's  results  on  the  frequency  of  solar  spots  (1835 — 1850). 
These  results  were  laid  before  the  meeting  of  the  Physical  Society  of 
Berne,  on  the  31st  of  July,  1852,  whilst  the  more  comprehensiye- 
treatise  of  Sabine  {Phil.  Transact,  1852,  pp.  116—121)  had  been  pre- 
sented to  the  Boyal  Society  of  London  in  the  beginning  of  Much, 
and  read  in  the  beginning  of  May,  1852.  From  the  most  receni 
investigations  of  the  observations  of  solar  spots,  Wolf  finds  that  be^ 
tween  title  years  1600  snd  1852  the  mean  period  was  11.11  years* 
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declination  in  the  woody  diatrict  of  Gniana,  l)etween  the 
mountain  Boraima  and  the  village  Pirara  between  the  paral* 
lels  of  4°  57',  and  3^  39'  (FhiL  Xransaet.  for  1849,  pt.  ii, 
p.  217). 

1841 — 1845.  Mdgfu  and  Mctearoh  OhiervcUiom  made  at 
Madras, 

1843 — 1844.  Magnetic  observations  in  Sir  Thomas  Bris* 
bane's  observatory  at  Makerstoim,  Hoxburghediire,  55^  34* 
North  lat.  (see  Tramaet,  ^  the  Roj/al  Society  of  Edin* 
vol.  xvii,  pt.  ii,  p.  188,  and  vol.  xviii,  p.  46). 

1843' — 1849.  Kreil,  On  the  infkbence  of  the  AJpe  upon  the 
manifestations  of  the  Magnetie  JForee  (see  Schunu  Attr, 
Naohr,  No.  602). 

1844 — 1845.  Expedition  of  the  Pagoda  into  high  ant* 
arctic  latitudes  as  iar  as  64""  and  67^  and  from  4""  to  117''  E. 
long.,  embracing  all  the  three  elements  of  terrestrial  mag- 
netism, under  tiie  command  of  Lieutenant  Moore,  who  had 
already  served  in  the  Terror  in  the  polar  expedition,  and  of 
Lieutenant  Clerk,  of  the  Royal  Artillery,  and  formerly 
Director  of  the  Magnetic  Observatory  at  the  Cape.^A 
worthy  completion  of  the  labours  of  Sir  James  Boss  at  the 
South  Pole. 

1845.  Proceedings  of  the  Magn.  and  MeteoroL  Conference 
held  ai  Cambridge, 

1845.  Observations  made  at  the  Magn.  and  Meteoroh  Ob- 
servatory at  Bombay  under  the  superintendence  of  Arthur 
Bedford  Orlebar.  This  observat(«7  was  erected  in  1841, 
on  the  little  island  of  Colaba. 

1845 — 1850.  Six  volumes  of  the  results  of  the  Magn.  and 
MeteoroL  Observations  made  at  the  Boyal  Observatory  at 
Greenwich.     The  magnetic  house  was  erected  in  1838. 

1845.  Simonoff,  Professor  at  Kazan,  Beeherches  sur  V action 
magnetique  de  la  Terre. 

1846 — 1849.  Captain  Elliot,  Madras  Engineers,  Magnetic 
Swrvey  of  the  Bastem  Archipelago,  Sixteen  stations,  at  each 
of  which  observations  were  continued  for  several  months  in 
Borneo,  Celebes,  Simiatra,  the  Nicobars,  and  Keeling  Islands, 
compax^  with  Madras,  between  16°  N.  lat.  and  12°  S.  lat. 
and  78°  and  123°  E.  long.  {FhiL  Transact,  for  1851,  pt.  i, 
pp.  287 — 331,  and  also  pp.  i— civil)  Charts  of  equal  incli- 
nation and  declination,  which  also  expressed  the  horizontal 
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and  total  force,  were  appended  to  these  observations,  whicli 
also  give  the  position  of  the  magnetic  equator  and  of  the  line 
of  no  variation,  and  belong  to  the  most  distiDguished  and 
comprehensive  that  had  been  drawn  up  in  modem  times. 

1845 — 1850.  Faraday's  brilliant  physical  discoveries  :  (1) 
In  relation  to  the  axial,  or  equatorial  (diamagnetic^*)  direction 
assumed  by  freely  oscillating  bodies  \inder  external  magnetic 
influences  {Fhil  Transact  for  1846,  §  2420,  and  Fhil. 
S^ansactfor  1851,  pt.  i,  §§  2718—2796) ;  (2)  Kegarding  the 
relation  of  electro-magnetism  to  a  ray  of  polarized  light, 
and  the  rotation  of  the  latter  by  means  of  the  altered  mo- 
lecular condition  of  the  bodies  through  which  the  ray  of 
polarized  light  and  the  magnetic  current  have  both  been 
transmitted  {Phil.  Transact,  for  1846,  pt.  i,  §  2195  and 
§§  2215  —  2221 ;  (3)  Regarding  the  remarkable  property 
which  oxygen  (the  only  gas  which  is  paramagnetic)  exerts 
on  the  elements  of  terrestrial  magnetism,  namely  that  like 
sofb  iron,  although  in  a  much  weaker  degree,  it  assumes  con- 
ditions of  polarity  through  the  diffiised  action  of  the  body  of 
the  earth,  which  represents  a  permanently  present  magnet'* 
{FhiL  Transact  for  1851,  pt.  i,  §§  2297—2967). 

7*  See  Cosmos,  vol.  iv,  p.  396.  Diamagnetic  repulsion  and  an 
equatorial,  that  is  to  say,  an  east  and  west  position  in  respect  to  a 
powerful  magneti  are  eidiibited  by  bismuth,  antimony,  silver,  phoa^ 
phoruB,  rock  salt,  ivory,  wood,  apple-shavings,  and  leather.  Oxygen  gas, 
either  pure  or  when  mixed  with  other  gases,  or  when  condensed  in  the 
interstices  of  charcoal,  is  paramagnetic.  See  in  reference  to  crystallised 
bodies  the  ingenious  observations  made  by  Plucker  concerning  the 
position  of  certain  axes  (Poggend.  Armod,  Bd.  Ixxiii,  s.  178,  and  P?dL- 
Transact,  for  1861,  §  §  28S6 — 2842).  The  repulsion  by  bismuth  was 
first  recognised  by  Brugmans,  in  1778,  next  by  Le  Bailiff,  in  1827,  and 
finally,  more  thoroughly  tested  by  Seebeck,  in  1828.  Faraday  himself 
(§§  2429—2431),  Reich,  and  Wilhelm  Weber,  who,  from  the  year  1836, 
has  shown  himself  so  incessantly  active  in  his  endeavours  to  promote 
the  progress  of  terrestrial  magnetism,  have  all  endeavoured  to  exhibit 
the  connection  of  diamagnetic  phenomena  with  those  of  induction 
(Poggend.  An/nalen,  Bd.  Ixxiii,  s.  241 — 253).  Weber  has,  moreover, 
tried  to  prove  that  diamagnetism  derives  its  source  from  Ampere's 
molecular  currents.  (Wilh.  Weber,  A  hha/ndhmgen  ilber  deetro-dynamiscke 
Maetssbestimwungen,  1852,  s.  545 — 570.) 

7^  In  order  to  excite  this  polarity,  the  magnetic  fluids  in  every  par- 
ticle of  oxygen  must  be  separated,  to  a  certain  extent,  by  the  actio  in 
distans  of  the  earth  in  a  definite  direction,  and  with  a  definite  force. 
Every  particle  of  oxygen  thus  represents  a  small  magnet,  and  all  these 
small  magnets  react  upon  one  another  as  well  aa  upon  the  earUi,  and 
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1849.  Emory,  Magn.  observations  made  at  the  Isthmus  of 
Panama. 

1849.  Professor  William  Thomson,  of  Glasgow,  A  Mathe^ 
matical  Theory  of  Magnetism  in  the  JPhih  Trcmsact  for  1851, 
pt.  i.  pp.  243 — 285  (On  the  problem  of  the  distribution  of 
magnetic  force,  compare  §§  42  and  5^Q  with  Poisson  in  the 
Mem  de  VInstitut,  1811,  pt.  i,  p.  1 ;  pt.  ii,  p.  163). 

1850.  Airy,  On  the  present  state  and  prospects  of  thej 
science  of  Terrestrial  Magnetism — the  fragment  of  what  pro- 
mises to  be  a  most  admira.ble  treatise. 

1852.  Kreil,  Influence  of  the  Moon  on  Magnetic  Declination 
at  Prague  in  the  years  1839 — 1849.  On  the  earlier  labours 
of  this  accurate  observer,  between  1836  and  1838,  see  Osser^ 
vazioni  sulV  intensita  e  sulla  direzione  della  forza  magnetica 
imtituite  neqli  anni  1836 — 1838  alV  L  jB.  Osservatorio  di 
Milano,  p.  171 ;  and  also  his  Magnetical  and  Meteorological 
Observations  at  Prague,  vol.  i,  p.  59. 

1852.  Faraday,  On  lines  of  Magnetic  Force,  and  their 
definite  character. 

1852.  Sabine's  new  proof  deduced  from  observations  at 
Toronto,  Hobarton,  St.  Helena,  and  the  Cape  of  Good  Hope 
(from  1841  to  1851),  that  everywhere  between  the  hours  of 
seven  and  eight  in  the  morning  the  magnetic  declination 
exhibits  an  i^nual  period ;  in  which  the  northern  solstice 
presents  the  greatest  eastern  elongation,  and  the  southern 

finally,  in  connection  with  the  latter,  they  further  act  upon  a  magnetic 
needle,  which  may  be  assumed  to  be  in  or  beyond  the  atmosphere. 
The  envelope  of  oxygen  that  encircles  our  terrestrial  sphere  may  be  com- 
pared to  an  armature  of  soft  iron  upon  a  natural  magnet  or  a  piece  of 
magnetised  steel;  the  magnet  may  further  be  assumed  to  be  spherical, 
like  the  earth,  while  the  armature  is  assumed  to  be  a  hollow  shell, 
similar  to  the  investment  of  atmospheric  oxygen.  The  magnetic  power 
which  each  particle  of  oxygen  may  acquire  by  the  constant  force  of 
the  earth,  diminishes  with  the-  temperature  and  the  rarefaction  of  the 
oxygen  gas.  When  a  constant  alteration  of  temperature  and  an  expan- 
sion follows  the  sun  around  the  earth  from  east  to  west,  it  must  pro- 
portionally alter  the  results  of  the  magnetic  force  of  the  earth,  and  of 
the  oxygen  investment,  and  this,  according  to  Faraday's  opinion,  is  the 
origin  of  one  part  of  the  variations  in  the  elements  of  terrestrial  mag- 
netism. Plucker  finds  that  aa  the  force  with  which  the  magnet  acta 
upon  the  oxygen  is  proportional  to  the  density  of  this  gas,  the  magnet 
presents  a  simple  eudiometric  means  of  recognising  the  presence  of 
free  oxygen  gas  in  a  gaseous  mixture  even  to  the  100th  or  200th 
part 
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solstice  the  greatest  western  elongation,  without  the  tempe- 
rature of  the  atmosphere  or  of  the  earth's  crust  evincing  a 
maximum  or  minimum  at  these  turning  periods.  Compare 
the  second  volume  of  the  Observations  made  at  T<»ronto,  p. 
xvii,  with  the  two  treatises  of  Sabine,  already  referred  to  on 
the  Influence  of  the  sun's  vicinity  (FhU.  Trafuitct.  for  1850, 
pt.  i,  p.  216),  and  of  the  solar  spots  {FhU.  Transact,  for  1^2, 
p.  i,  p.  121). 


The  chronological  enumeration  of  the  progress  of  our 
knowledge  of  terrestrial  magnetism  during  half  a  century, 
which  I  have  uninterruptedly  watched  with  the  keenest 
interest,  exhibits  a  successful  striving  towards  the  attainment 
of  a  twofcdd  object.  The  greater  number  of  these  labours 
have  been  devoted  to  the  observation  of  the  magnetic  activity 
of  our  planet  in  its  nummcal  relations  to  time  and  space, 
while  the  smaller  part  belongs  to  experiments,  and  to  the 
manifestation  of  phenomena^  which  promise  to  lead  us  to  the 
knowledge  of  the  character  of  this  activity,  and  of  the 
internal  nature  of  the  magnetic  force.  Both  these  methods 
«~-the  numerical  observation  of  the  manifestation  of  terres- 
trial magnetism,  both  in  respect  to  its  direction  and  intensity, 
— and  physical  experiments  on  the  magnetic  force  generally, 
have  tended  reciprocally  to  the  advancement  of  our  physical 
knowledge.  Observations  alone,  independently  of  every 
hypothesis  regarding  the  causal  connection  of  phenomena, 
or  regarding  the  hitherto  immeasurable  and  unattainable 
reciprocal  action  of  molecules  in  the  interior  of  substances, 
have  led  to  important 'numerical  laws.  Experimental  phy- 
sicists have  succeeded  by  the  display  of  the  most  wondrous 
ingenuity  in  discovering  in  solid  and  gaseous  bodies  polar- 
ising properties,  whose  presence  had  never  before  been  sus- 
pected, and  which  stand  in  special  relation  to  the  tempera- 
ture and  pressure  of  the  atmosphere.  However  important 
and  undoubted  these  discoveries  may  be,  they  cannot  in  the 
present  condition  of  our  knowledge  be  regarded  as  satisfactory 
grounds  of  explanation  for  the  laws  which  have  already  been 
recognized  in  the  movements  of  the  magnetic  needle.  The 
most  certain  means  of  enabling  us  thoroughly  to  comprehend 
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tlie  Tenable  numerical  relations  of  space,  as  well  as  to  extend 
and  oomjdete  that  mathematical  theory  of  terrestrial  mag- 
netism^ which  was  so  nobly  sketched  by  Qauss,  is  to  pro^ 
secate  simultaneons  and  continuous  observations  of  all  the 
three  elements  of  the  magnetic  force  at  numerous  well  se- 
lected points  of  the  earth's  surface.  I  have,  howeyer,  else- 
where illustrated  by  example  the  sanguine  hopes  which  I 
entertained  of  the  great  advantages  t}iat  may  be  derived  from 
the  combination  of  experimental  and  mathematical  investi- 
gation." 

Nothing  that  occurs  upon  our  planet  can  be  supposed  to 
be  independent  of  coamical  influences.  The  word  planet 
instinctively  leads  us  to  the  idea  of  dependence  upon  a 
central  body,  and  of  a  connection  with  a  group  of  celestial 
bodies  of  very  diflerent  masses  which  probably  have  a  similar 
origin.  The  influence  of  the  sun's  position  upon  the  mani-^ 
festation  of  the  magnetic  force  of  the  earth,  was  recognised 
at  a  very  early  period.  The  most  distinct  intimation  of  this 
relation  was  afforded  by  the  discovery  of  horary  variation, 
although  it  hiad  been  obscurely  perceived  by  Kepler,  who,  a 
century  before,  had  conjectured  that  all  the  axes  of  the  planets 
were  magnetically  directed  towayds  one  portion  of  the  mu* 
Terse.  He  says  expressly,  ^  that  the  sua  may  be  a  magnetic 
body,  and  that  on  that  account,  the  force  which  impels  the 
planets  may  be  centred  in  the  sun."^  The  attraction  of  masses 
and  gravitation  appeared  at  that  time  under  the  semblance 
of  magnetic  attraction.  Horrebow,"  who  did  not  confound 
gravitation  with  magnetism,  was  the  first  who  called  the 
process  of  light  a  perpetual  northern  light,  produced  in  the 
solar  atmosphere  by  means  of  magnetic  fbrce&    Nearer  our 

w  See  p.  6. 

^  Kepler,  in  SteUa  MarHs,  pp.  92 — S4  (and  comparie  with  it  his 
treatise,  Mysterium  Cotmog^.  cap.  xx,  p.  71). 

^  OotmoSf  voL  iv,  p.  386^  where,  however,,  in  consequence  of  an 
error  of  Uie  press,  in  the  place  of  B<i9i»  Astronomiof  we  should  read 
davis  Astronomia.  The  passage  (§  226)  in  which  the  luminous  process 
of  the  sun  is  characterised  a^  a  perpetual  northern  light  does  not  occur 
in  the  first  edition  oi  the  Clavis  Aatr,  by  Horrebow  (Hkvn.  1730),  but 
is-  only  found  in  the  second  and  enlarged  new  edition  of  the  work  in 
Horrebow's  Operum  Malhematux^^Physicorvm^  t.  i,  Havn.  1740,  p.  317, 
as  it  belongs  to  this  appended  portion  of  the  (JUma,  Compare  with 
Horrebow's  view  the  precisely  similar  views  of  Sir  WiUiam  and  Sir 
John  Herschel  (Cbttnot,  yoL  »!»  pp.  39,  40). 
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own  times  (and  this  difference  of  opinion  is  veiy  remarkable) 
two  distinct  views  were  promulgated  in  reference  to  the 
liature  of  the  influence  exerted  by  the  sun. 

Some  physicists,  as  Canton,  Ampere,  Christie,  Lloyd,  and 
Airey,  have  assumed  that  the  sun,  without  being  itself 
magnetic,  acts  upon  terrestrial  magnetism  merely  by  pro- 
ducing changes  of  temperature,  wlnLst  others,  as  Coulomb, 
believed  the  sun  to  be  enveloped  by  a  magnetic  atmosphere'* 
which  exerts  an  action  on  terrestrial  magnetism  by  distribu- 
tion. Although  Faraday's  splendid  discovery  of  the  para- 
magnetic property  of  oxygen  gas  has  removed  the  great  diffi- 
culty of  having  to  assume  with  Canton  that  the  temperature 
of  the  solid  crust  of  the  earth  and  of  the  sea  must  be  rapidly 
and  considerably  elevated  &*om  the  immediate  effect  of  the 
sun's  transit  tharough  the  meridian  of  the  place,  the  perfect 
co-ordinatio3L  and  an  mgenious  analysis  of  all  the  measure- 
ments and  observations  of  General  Sabine  have  yielded  this 
result :  that  the  hitherto  observed  periodic  variations  of  the 
magnetic  activity  of  the  earth  cannot  be  based  upon  periodic 
changes  of  temperature  in  those  parts  of  the  atmosphere 
which  are  accessible  to  us.  Neither  the  principal  epochs  of 
diurnal  and  annual  alterations  of  declination  at  the  different 
hours  of  the  day  and  night,  nor  the  periods  of  the  mean 
intensity  of  the  terrestrial  force*^  coincide  with  the  periods  of 

^  MSmoires  de  Mcathim.  eb  de  Phj/8,  prSaentSs  dt  VAcad.  Boy,  dea  Sc, 
t.  ix,  1780,  p.  262. 

^  "  So  far  CIS  these  four  stations  (Toronto,  Hobarton,  St.  Helen?^ 
and  the  Cape),  so  widely  separated  from  each  other  and  so  diversely 
situated^  justify  a  generalisation,  we  may  arriye  at  the  conclusion  that 
at  the  hour  of  7  to  8  A. BL  the  magnetic  decHnation  is  everywhere  sub- 
ject to  a  Tariation  of  which  the  period  is  «  year,  and  which  is  every- 
where similar  in  character  and  amount,  consisting  of  a  movement  of 
the  north -end  of  the  magnet  from  east  to  west,  between  the  northern 
and  the  southern  solstice,  and  a  return  from  west  to  east  between  the 
southern  and  the  northern  solstice,  the  amplitude  being  about  5  minut>es 
of  arc.  The  ttjiming periods  of  the  year  are  not,  as  many  might  be  disposed 
to  anticipate,  those  months  in  which  the  temperature  at  the  sv/rface  of  owr 
planet,  or  of  the  subsoil,  or  of  the  atmosphere  (as  far  as  we  possess  the 
means  of  judging  of  the  temperature  of  the  atmosphere)  oMai/ns  its 
maximwm  and  mvnimvm.  Stations  so  diversely  situated  would,  indeed, 
present  in  these  respects  thermic  conditions  of  great  variety ;  whereas 
nniformity  in  the  epoch  of  the  twrning  periods  is  a  not  less  conspicuous 
feature  in  the  annual  variation  tiban  similarity  of  character  and  nume- 
rical value.    At  all  the  stations  the  solsticef  are  the  turning  periods  of 
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the  maxima  and  minima  of  tlie  temperature  of  the  atmo- 
sphere, or  of  the  upper  crust  of  the  earth.  "We  may  remark 
that  the  annual  alterations  were  first  accurately  represented 
by  Sabine  from  a  very  large  number  of  observations.  The 
turning  points  in  the  most  important  magnetic  phenomena 
are  the  solstices  and  the  equinoxes.  The  epoch  at  which 
the  intensity  of  the  terrestrial  force  is  the  greatest,  and  that 
at  which  the  dipping  needle  most  nearly  assumes  the  vertical 
position  in  both  hemispheres,  is  identical  with  the  period  at 
which  the  earth  is  nearest  to  the  sun,*^  and  consequently 
when  its  velocity  of  translation  is  the  greatest.  At  this 
period,  however,  when  the  earth  is  nearest  to  the  sun,  namely 
in  December,  January,  and  Eebruaay ;  as  well  as  in  May, 
June,  and  July,  when  it  is  farthest  firom  the  sun,  the  relations 
of  temperature  of  the  zones  on  either  side  of  the  equatdr  are 
completely  reversed,  the  turning  pcants  of  the  decreasing  and 

the  annual  yariation  at  the  hour  of  which  we  are  treating.  The  only 
periods  of  the  year  in  which  the  diurnal  or  horary  variation  at  that 
hour  does  actually  disappear  are  at  the  eqmnoxes,  when  the  sun  is 
passing  from  the  one  hemisphere  to  the  «ther,  and  when  the  magnetic 
direction,  in  the  course  of  its  annual  variation  from  east  to  west,  or 
vice  versd,  coincides  with  the  direction  which  is  the  mean  declination 
of  all  the  months  and  of  all  the  hours.  The  cmnual  varicUion  is  obvi- 
ously connected  with,  and  dependent  on,  the  earth*8  position  in  its  orbit 
relatively  to  the  sun  around  which  it  revolves;  as  the  div/mcU  variation 
is  connected  with,  and  dependent  on,  the  rotation  of  the  earth  on  its  axis, 
by  which  each  meridian  successively  passes  through  every  angle  of  in- 
cUnation  to  the  sun  in  the  round  of  24  hours."  Sabine,  on  the  Anrmal 
and  JHwmal  VaricUiona^  in  the  second  volume  of  Observations  made  at 
the  Magn,  amd  Meteorol,  Observatory  ai  Toronto^  p.  xvii — xx.  See  also 
his  memoir,  On  the  Annual  Variation  of  the  Magnetic  Declination  at 
different  periods  of  the  day,  in  the  Philos,  Transact,  for  1851,  pt.  ii, 
p.  635,  and  the  Introduction  of  his  Obwrv^  made  at  the  Observatory  at 
Hoboflrton,  vol.  i,  p.  xzxiv — xxxvi. 

^  Sabine,  On  the  means  adopted  for  determmiTig  the  AbsoltUe  ValueSf 
Secfidar  Change,  and  Anntuil  Variation  of  the  Terrestrial  Magn^ic  Force, 
in  the  Phil.  Tra/naact.  for  1850,  pt.  i,  p.  216.  In  his  address  to  the  Asso- 
ciation at  Belfast  {Meeting  of  the  Brit.  Assoc.  t»  1852),  he  likewise 
observes,  "  that  it  is  a  remarkable  fact  which  has  been  established  that 
the  magnetic  force  is  greater  in  both  the  northern  and  southern  hemi- 
spheres in  the  months  of  December,  January,  and  February,  when  the 
sun  is  nearest  to  the  earth,  than  in  those  of  May,  June,  and  July,  when 
he  is  most  distant  from  it :  whereas,  if  the  effects  were  due  to  tempera- 
ture, the  two  hemispheres  should  be  oppositely,  instead  of  similai'ly, 
affected  in  each  of  the  two  periods  referred  to." 

o  2 
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increasing  intensity,  declination  and  inclination  cannot  ibere- 
fore  be  ascribed  to  the  sun  in  connectioa  with  its  thermic 
influence. 

The  annual  means  deduced  from  observations  at  Munich 
and  Grottingen,  have  enabled  the  active  director  of  the  Royal 
Bavarian  Observatory,  Professor  Lament,  to  deduce  the 
remarkable  law  of  a  period  of  10^  years  in  the  alterations  of 
declination."*  In  the  period  between  1841  and  1850,  the 
mean  of  the  monthly  alterations  of  declination  attained  very 
uniformly  their  minimum  in  1843^,  and  their  maximum  in 
18481^.  "Without  being  acquainted  with  these  European 
results,  General  Sabine  was  led  to  the  discovery  of  a  periodi- 
cally active  cause  of  disturbance'  from  a  comparison  of  the 
monthly  means  of  the  same  years,  namely  from  1843  to  1848, 
which  were  deduced  frx)m  observations  made  at  places  which 
lie  almost  as  far  distant  from  one  another  as  possible  ^Toronto 
in  Canada,  and  Hobarton  in  Van  Diemen's  Land).  This 
cause  of  disturbance  was  found  by  him  to  be  of  a  purely 
cosmical  nature,  being  also  manifested  in  the  decennial 
periodic  alterations  in  the  sun's  atmosphere.®  Schwabe, 
who  has  observed  the  spots  upon  the  sun  with  more  constant 
attention  than  any  other  living  astronomer,  discovered  (as  I 
have  already  elsewhere  observ»i),**  in  a  long  series  of  years 
(from  1826  to  1850),  a  periodically  varying  frequency  in  the 
occurrence  of  the  solar  spots,  showing  that  their  maxima  fell 
in  the  years  1828,  1837,  and  1848,  and  their  minima  in  the 
years  1833  and  1843.  "I  have  not  had  the  opportunity," 
he  writes,  "of  investigating  a  continuous  series  of  older 
observations,  but  I  willingly  subscribe  to  the  opinion  that 
this  period  may  itself  be  variable.*'  A  somewhat  analogous 
kind  of  variability — periods  within  periods — is  undoubtedly 
observable  in  the  processes  of  light  of  other  self-luminous 
suns.  I  need  here  only  refer  to  those  complicated  changes 
of  intensity,  which  have  been  shown  by  Groodricke  and 
Argelander  to  exist  in  the  light  of  fi  Lyrse  and  Mira  Ceti  " 

®  Lamont,  in  Poggend.  Annalen,  Bd.  Ixxxiv,  b.  579. 

®  Sabine,  On  periodical  Umos  discoverable  in  the  mecm  tffects  of  the 
larger  Tnagnetie  duturbaaice8f  in  the  PhiL  TramaoL  for  1852,  pt.  i,  p.  121. 
Vide  «ttpra,  p.  75. 

^  Cosmos,  voL  iv,  p.  398, 

»  Op.  cit.  voL  iu,  p.  228. 
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I£,  as  Sabine  has  shown,  tlie  magnetism  of  the  son  is 
manifested  hj  an  increase  in  the  terrestrial  force  when  the 
earth  is  nearest  to  that  Inminaiy,  it  is  the  more  striking 
that,  according  to  KreiTs  very  thorough  investigations  of  the 
magnetic  influence  of  the  moon,  the  latter  should  hitherto  not 
have  been  perceptible,  either  during  the  different  lunar 
phases,  or  at  the  different  distances  assumed  by  the  satellite 
in  relation  to  the  earth.  The  vicinity  of  the  moon  does  not 
appear,  when  compared  with  the  sun,  to  compensate  in  this 
respect  for  the  smallness  of  its  mass.  The  main  result  of 
the  investigation,  in  relation  to  the  magnetic  influence  of  the 
earth's  satellite,  which,  according  to  Melloni,  exhibits  only  a 
trace  of  caloriflcation  ^,  is  that  the  magnetic  declination 
in  our  planet  undergoes  a  regular  alteration  in  the  course  of 
a  lunar  day,  during  which  it  exhibits  a  twofold  maximum 
and  a  twofold  minimum.  Kreil  very  correctly  observes, 
''that  if  the  moon  exerts  no  influence  on  the  temperature  on 
the  surface  of  our  earth  (which  is  appreciable  by  the  ordi- 
nary means  of  measuring  heat),  it  obviously  cannot  in  this 
way  effect  any  alteration  in  the  magnetic  force  of  the  earth ; 
but  if,  notwithstanding,  an  alteration  of  this  kind  is  actually 
ea^iienced,  we  must  necessarily  ccHicluds  thai  it  is  pro- 
duced by  some  other  means  than  through  the  moon's  heat.** 
Everything  that  cannot  be  considered  as  the  product  of  a 
single  force  must  require,  as  in  the  case  of  the  moon,  that  all 
foreign  elements  of  disturbance  should  be  eliminated,  in  order 
that  its  true  nature  may  be  recognized 

Although  hitherto  the  most  decisive  and  considerable 
variations  in  the  manifestations  of  terrestrial  magnetism  do 
not  admit  of  being  satisfactorily  explained  by  the  maxima 
and  minima  in  the  variations  of  temperature,  there  can  be 
no  doubt  that  the  great  discovery  of  the  polar  property  of 
oxygen  in  the  gaseous  envelope  of  our  earth  will,  by  a  more 
profound  and  comprehensive  view  of  the  process  of  the 
magnetic  activity,  speedily  afford  us  a  most  valuable  assist- 
ance in  elucidating  the  mode  of  origin  of  this  process.  It 
would  be  inconceivable  if,  amid  the  harmonious  cooperation 
of  all  the  forces  of  nature,  this  property  of  oxygen  and  its 
modification  by  an  increase  of  temperature,  should  not  par- 

^  Kreil,  EinfiuM  des  Mondes  auf  die  Magn^Uche  Dedination,  1852, 
8.  27,  29,  46. 
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ticipate  in  the  production  and  manifestation  of  magnetic 
phenomena. 

If,  according  to  Newton's  "view,  it  is  very  probable  that 
the  substances  which  belong  to  a  group  of  celestial  bodies  (to 
one  and  the  same  planetary  system)  are  for  the  most  part 
identical,  ^  we  may  from  inductive  reasoning  conclude  that 
the  electro-magnetic  activity  is  not  limited  to  the  gravi- 
tating matter  on  our  own  planet.  To  adopt  a  different 
hypothesis  would  be  to  limit  cosmical  views  with  arbitrary 
dogmatism.  Coulomb's  hypothesis  legarding  the  influence  of 
the  magnetic  sun  on  the  magnetic  earth  is  not  at  variance 
with  analogies,  based  upon  the  observation  of  facts. 

If  we  now  proceed  tO'the  purely  objective  representation 
of  the  magnetic  phenomena,  which  are  exhibited  by  our 
planet  on  different  parts  of  its  surface,  and  in  its  different 
positions  in  relation  to  the  central  body,  we  must  accurately 
distinguish,  in  the  numerical  results  of  our  meafiurements, 
the  alterations  which  are  comprised  within  short  or  very 
long  periods.  All  are  dependent  on  one  another,  and  in  this 
dependence  they  reciprocally  intensify,  or  partially  neutralize 
and  disturb  each  other,  as  the  wave-circles  in  moving  fluids 
intersect  one  another.  Twelve  objects  here  present  them- 
selves most  prominently  to  our  consideration. 

Two  magnetic  poleSy.  which  are  unequally  distant  from  the 
poles  of  rotatipn  of  the  earth,  and  are  situated  one  in  each 
hemisphere  ;  these  are  points  of  our  terrestrial  spheroid  at 
which  the  magnetic  inclination  is  equal  to  90°",  and  at  which 
therefore  the  hoxizontal  force  vanishes. 

The  magnetic  equator,  the  curve  on  whidi  the  inclination 
of  the  needle  =  0°, 

The  lines  of  equal  declinafionf  and  those  on  which  the 
declination  =  0  (isogonic  lines  and  lines  of  no  variation). 

The  lines  of  equal  inclination  {isoclinal  lines). 

The  four  points  of  greatest  intensity  of  the  magnetic  force, 
two  of  unequal  intensity  in  each  hemisphere. 

The  lines  of  equal  terrestrial  force  {isodgnamic  lines). 

The  undulating  line  which  connects  together  on  each 
meridian  the  points  of  the  weakest  intensity  of  the  terrestrial 
force,  and  which  has  sometimes  been  designated  as  a  dynamic 

^  Cotmos,  vol.  i,  ppw  122, 123 ;  also  voL  iv,  p.  5G8. 
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equator.  *  This  mKlalating  line  does  not  coincide  either 
with  the  geographical  or  the  ma^etic  equator. 

The  limitation  of  the  zone  where  the  intensity  is  generally 
very  weak,  and  in  which  the  horary  alterations  of  the  mag^ 
netic  needle  participate,  in  accordance  with  the  different 
seasons  of  the  year,  in  producing  the  alternating  phenomena 
observed  in  both  hemispheres  ^. 

In  this  enumeration  1  have  restricted  the  nse  of  the  word 
pole  to  the  two  points  of  the  earth's  surface,  at  which  the  hori- 
zontal force  disappears,  because,  as  I  have  already  remarked, 
these  points,  which  are  the  true  magnetic  poles,  but  which 
by  no  means  coincide  with  the  maxima  of  intensity,  have 
frequently  been  confounded  in  recent  times  with  the  four 
terrestrial  points  of  greatest  intensity.  •^  Gauss  has  also 
shown  that  it  would  be  inappropriate  to  attempt  to  distinguish 
the  chord  which  connects  the  two  points,  at  which  the  dip  of 
the  needle  =  90°,  by  the  designation  of  magnetic  axis  of 
the  earth**.  The  intimate  connection  which  prevails  between 
the  objects  here  enumerated  fortunately  renders  it  possible 
to  concentrate,  under  three  points  of  view,  the  complicated 
phenomena  of  terrestrial  magnetism  in  accordance  with  the 
three  manifestations  of  one  active  force — Intensity,  Incli- 
nation, and  Declination^ 

Intensitif. 

The  knowledge  of  the  most  important  element  of  terres- 
trial magnetism,  the  direct  measurement  of  the  intensity  of 

^  See  Mrs.  Somerville's  short  but  lucid  descriptioii  of  terrestrial 
magnetism,  based  upon  Sabine's  works  {Phydcal  Geography,  vol.  ii, 
p.  102).  Sir  James  Ross^  who  intersected  the  curve  of  lowest  intensity 
in  his  great  Antarctic  expedition,  December,  1839,  in  19**  S.  lat.  and 
29  '  IS^'W.  long.,  and  who  has  the  great  merit  of  having  first  deter- 
mined its  position  in  the  southern  hemisphere,  calls  it  **  the  equator  of 
less  intensity^'  See  his  Voyage  to  the  Southern  and  ArUarctic  BegionBi 
vol.  i,  p.  22. 

*  "Stations  of  an  intermediate  character,  situated  between  the' 
northern-  and  southern  magnetic  hemispheres,  partaking,  although  in 
opposite  seasons,  of  those  contrary  features  which  separately  prevail  (in 
the  tw0  hemispheises)  throughout  the  year."  Sabine^  in  the  PhU, 
Tramaet.  for  1847,  pt.  i,  pp.  68—57. 

M  The  p^le-  of  intensity  is  not  the  pole  of  verticity*  PhU.  Troiisa^t^ 
for  1646,.  pt.  iii,  p.  25&      . 

••  Gauss,  Al^eni,  Theorie  des  Erdmagnetismus,  §  81«  . 
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the  terrestrial  fotce,  followed  somewhat  tardily  the  know- 
ledge of  the  relations  of  the  direction  of  this  force  in 
horizontal  and  yertical  planes  (declination  and  inclination). 
Oscillations,  from  the  duration  of  which  the  intensity  is 
deduced,  were  first  made  an  object  of  expedment  towards  the 
close  of  the  18th  century,  and  yielded  matter  for  an  earnest 
and  continuous  investigation  during  the  first  half  of  the  19th 
eentury.  Graham,  in  1723,  measured  the  oscillations  of  his 
dipping-needle  with  the  view  of  ascertaining  whether  they 
were  constant,^  and  in  order  to  find  the  ratio  which  the 
force  directing  them  bore  to  gravity.  The  first  attempt  to 
determine  the  intensity  of  magnetism  at  widely  different 
points  of  the  earth's  surface,  by  counting  the  number  of 
oscillations  in  equal  times,  was  made  by  Mallet  in  1769.  He 
found,  with  a  very  imperfect  apparatus,  that  the  number  of 
the  oscillations  at  St.  Petersburg  (59^  56'  N.  lat.),  and  at 
Ponoi  (67°  4'),  were  precisely  equal^,  and  hence  arose  the 
erroneous  opinion  which  was  even  transmitted  to  Cavendi^, 
that  the  intensity  of  the  terrestrial  force  was  the  same  under 
all  latitudes.  Borda,  a.s  he  has  himself  often  told  me,  was 
prevented,  on  theoretical  grounds,  from  falling  into  this  error, 
and  the  same  had  previously  been  the  case  with  Le  Monnier; 
but  the  imperfection  of  the  dipping-needle,  the  friction  which 
existed  between  it  and  the  pivot,  prevented  Borda  (in  his 
expedition  to  the  Canary  Islands  in  1776),  from  discovering 
any  difierence  in  the  magnetic  force  between  Paris,  Toulon, 
Santa  Cruz  de  Tenerifie,  and  Goree  in  Senegambia,  over  a 
space  of  35°  of  latitude.  {Voyage  de  La  Ferotise,  t.  i, 
p.  162.)  This  difference  was,  for  the  first  time,  detected  with 
improved  instruments  in  the  disastrous  expedition  of  La 
Perouse  in  the  years  1785  and  1787  by  lamanon,  who  com- 
municated it  from  Macao  to  the  Secretary  of  the  French 
Academy.  This  communication,  as  I  have  already  stated, 
(see  p.  61),  remained  unheeded,  and  like  many  others  lay 
puried  in  ^e  archives  of  the  Academy* 
The  first  published  observations  of  intenuty,  which  more- 

«  Pha,TrmimeL  wl.  xxxiii,  for  1724—1725,  pw  «82  ("to  try  if  the 
dip  and  yibrations  were  constant  and  reg^ar^*^ 

,  ^  Novi  Chmmemt.  Acad.  Scimt,  Petropol,  t.  xiv,  pro  anno  1769,  pars  2, 
p.  33.  See  also  Le  Monnier  Lou  du  MagnetUme  convpturita  omx  ^itarva^ 
tiont,  1776,  p.  60. 
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over  were  instituted  at  the  sucgestioii  of  Borda,  are  those 
which  I  made  dnring  mj  yoya^to  the  tropicd  regions  of 
the  New  Continent  between  the  years  1798  and  1804.  The 
results  obtained  at  an  earlier  date  (from  1791  to  1794), 
regarding  the  magnetic  force,  by  my  friend  de  Eossel,  in  the 
Indian  Ocean,  were  not  printed  till  four  years  affcer  my 
return  from  Mexico.  In  the  year  1829  I  enjoyed  the  advan- 
tage  of  beiiig  able  to  prosecute  my  observationB  of  the  mag- 
netic  intensity  and  inclmation  over  a  space  of  fiilly  1 88*' 
of  longitude  from  the  Pacific  eastwards  aB  far  as  the  Chinese 
Dzungarei,  two-thirds  of  this  portion  of  the  earth's  surface 
being  in  the  interior  of  continents.  The  differences  in  the 
latitudes  amounted  to  72"^  (namely,  from  60°  N.  to  12^ 
a  Lat.). 

When  we  carefrdly  foUow  the  direction  of  the  closed 
isodynamic  lines  (curves  of  equal  intensity),  and  pass  from 
the  external  and  weaker  to  the  interior  and  gradually  stronger 
curves,  we  shall  find  in  considering  ihe  distribution  of  the 
magnetic  force  in  each  hemisphere,  that  there  are  two  points, 
or  find,  of  the  maxima  of  intensity,  a  stronger  and  a  weaker 
one,  lying  at  veiy  unequal  distances  both  from  the  poles  of 
rotation  and  the  magnetic  poles  of  the  earth.  Of  these  four 
terrestrial  points  the  stronger,  or  American,  is  situated  in 
the  northern  hemisphere^  in  52^  19'  N.  lat.  and  in  92''  W. 
kmg.,  whilst  the  wei^er,  which  is  often  called  the  Siberian,  is 
situated  in  70°  N.  lat.  and  in  120°  E.  long,  or  perhaps  a  few 
degrees  less  to  the  eastward  In  the  journey  frrom  Par- 
Bchinsk  to  Jakutsk,  Erman  found,  in  1829,  that  the  curve  of 
greatest  intensity  (1.742)  was  situated  at  Beresowski  Ostrow 
in  117°  51' fi.  long,  and  59°  44'  N.  lat.  (Erman  Magnet,  BeoK 
8.  172--540;  Salane,  in  the  Fkil  Transact,  Jor  1850,  pt  i, 
p.  218).  Of  these  determinations,  that  of  the  American 
focus  is  the  more  certain,  especially  in  respect  to  latitude, 
while  in  respect  *'  to  longitude  it  is  probably  somewhat  too 
far  west."  The  oval  which  incloses  the  stronger  northern 
focus  lies,  consequently,  in  the  meridian  of  the  western  end 
of  Lake  Superior,  between  the  southern  extremity  of  Hud* 

**  In  those  cases  in  which  mdividual  treatises  of  Qeneral  Sabine  have 
not  been  specially  referred  to  in  these  notes,  the  passages  have  been 
taken  from  nianusoript  communications,  which  have  been  kindlj 
flaoed  at  my  disposal  by  this  leao^ed  physicist. 
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son's  Bay  and  that  of  the  Canadian  lake  of  Winipeg.  We 
owe  this  determination  to  the  important  land  expedition, 
undertaken  in  the  year  1843,  by  Captain  Lefroy,  of  the 
Royal  Artillery,  and  formerly  director  of  the  Magnetic 
Observatory  at  St.  Helena.  "  The  mean  of  the  lem- 
niscates  which  connect  the  stronger  and  the  weaker  focus 
appears  to  be  situated  north-east  of  Behring*s  Straits,  and 
somewhat  nearer  to  the  Asiatic  than  to  the  American 
focus." 

When  I  crossed  the  magnetic  equator,  the  line  on  which 
the  inclination  =  0,  between  Micuipampa  and  Caxamarca,  in 
the  Peruvian  chain  of  the  Andes,  in  the  southern  hemisphere, 
in  7"*  2'  lat.  and  78°  48'  W.  long,  and  when  I  observed 
that  the  intensity  increased  to  the  north  and  south  of  this 
remarkable  pdint,  I  was  led  from  an  erroneous  generalization 
of  my  own  observations,  and  in  the  absence  of  all  points  of 
comparison  (which  were  not  made  till  long  afterwards),  to 
the  opinion  that  the  magnetic  force  of  the  earth  increases 
uninterruptedly  from  the  magnetic  equator  towards  both 
magnetic  poles,  and  that  it  was  probable  that  the  maximum 
of  the  terrestrial  force  was  situated  at  these  points,  that  is 
to  say,  where  the  inclination  =  90°.  When  we  first  strike 
upon  the  trace  of  a  great  physical  law,  we  generally  find  that 
the  earliest  opinions  adopted  require  subsequent  revision. 
Sabine,"  by  his  own  observations,  which  were  made  from 
1818  to  1822  in  very  different  zones  of  latitude,  and  by  the 
able  arrangement  and  comparison  of  the  numerous  oscillation- 
experiments  with  the  vertical  and  horizontal  needles,  which 
of  late  years  have  graduaUy  become  more  general,  has  shown 
that  the  intensity  and  inclination^  are  very  variously  modi- 
fied ;  that  the  minimum  of  th^  terrestrial  force  at  many 
points  lies  far  from  the  magnetic  equator ;  and  that  in  the 
most  nxDrthem  parts  of  Canada  and  in  the  Acetic  regions 
around  Hudson's  Bay  from  52°  20'  lat.  to  the  magnetic  pole 
in  70°  lat.  and  from  about  92°  to  93°  W.  long,  the  intensity, 
instead  of  increasing,  diminishes.  In  the  Canadian  focus  of 
greatest  intensity,  in  the  northern  hemisphere,  found  by 
Lefroy,  the  dip  of  the  needle  in  1845  was  only  73°  7'  and 

•5  Fifth  Beport  of  ike  BritUh  Associatum,  -p.  72;  Seventh  Report, 
pip.  64 — 68.  Cfontributions  to  Terrestrial  Magnetiim  No  .Til  in  the 
PhU,  Tramact,  for  1846,  pt.  iii,  p.  254. 
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in  both  hemispheres  we  find  the  maxima  of  the  terrestrial 
force  coinciding  with  a  comparatively  small  dip.* 

However  admirable  and  abundant  are  the  observations  of 
intensity  which  we  owe  to  the  expeditions  of  Sir  James  Ros^ 
Moore^  and  Clerk,  in  the  Antarctic  polar  seas,  there  is  still 
much  doubt  in  reference  to  the  position  of  the  stronger  and 
weaker  focus  in  the  southern  hcBiisphere.  The  first  of  these 
nivigators  has  frequently  crossed  the  isodynamic  curves 
of  greatest  intensity,  and  from  a  careful  consideration  of 
liis  observations,  Sabine  has  been  led  to  refer  one  of  the 
foci  to  ^4°  S.  lat.  and  137°  30'  E.  long. .  Rbss  himself,  in  the 
account  of  his  great  voyage,*'  conjectures  that  the  focus  lies 
in  the  neighbourhood  of  the  Terre  d'Adllie,  discovered  by 
jyUrville,and  therefore  in  about  67°S.lat.  and  140°  B.  long. 
He  thought  that  he  had  approached  the  other  focus  in  60°  S. 
lat.  and  125  W4  long.;  but  he  was  disposed  to  place  it  some-* 
what  further  south,  not  far  from  the  magnetic  pole,  and 
therefore  in  a  more  easterly  meridian." 

Having  thus  established  the  position  of  the  four  maxima 
of  intensity,  we  have  next  to  consider  the  relation  of  the 
forces.     These  data  can  be  obtained  from  a  much  earlier 

^  Saline,  in  the  Seventh  Report  of  the  Brit.  Aseoe.  p.  77. 

^  Sir  James  Ross,  Voyage  vn  the  Southern  andAiUwrcticRegwMt  vol.  i, 
!>.  322.  This  great  navigator,  in  sailing,  between  Kerguelen's  Land  and 
Van  Diemen's  Land,  twice  crossed  the  curve  of  greatest  intensity,  first 
in  46**  44'  S.  lat  128*^28'  E.  long,  where  the  intensity  increased  to 
2.034,  and  again  diminished,  further  east,  near  Hobarton,  ta  1.824 
( Toy.  vol.  i,  pp.  1G3 — 104) ;  then  again,  a  year  later,  from  January  the 
1st  te  April  the  3rd,  1841,  during  wMcktime,  it  weuld  appear  from 
the  log  of  the  Erebus  that  they  had  gone  from  77*  47'  S.  lat.  175"  41'  E, 
long,  to  51*  16'  S.  lat.  186°  60'  E.  long.,  where  the  intensities  were 
found  to  be  uninterruptedly  more  than  2.00,  and  even  as  much  as 
2.07  {PhU.  Tramact.  for  1843,  pt.  ii,  pp.  211—21^  Sabine's  result  for 
the  one  focus  of  the  southern  hemisphere  (64'*  S.lat.  137°  80'  E.  long.) 
which  I  have  already  given  in  the  text,  was  deduced  from  observations 
made  by  Sir  James  Uobb  between  the  19th  and  27th  of  March,  1841 
(while  crossing  the  southern  isodynamic  ellipse  of  2.00,  about  midway 
between  the  extremitiea  of  its  principal  axis),  between  the  southern 
latitudes  SS""  and  64**  26',  and  the  eastern  longitudes  of  128'*  40^  and 
148"  20^  {Contrib,  to  Terr.Magn.  m  the  PhU^  Tramact,for  1846,  pt.  iii,. 
p.  252). 

^  Rosfl,  Voyage,  vol.  ii,  p,  224.  In  accordance  with  the  instructions 
drawn  up  for  the  expedition,  the  two  southern  foci  of  the  maximum  of 
intensity  were  conjectiured  to  be  in  47**  S.  lat.  140°  E.  long,  and  in  60° 
S.  lat.  235  E.  long.  (vol.  i,  p.  zxxvi). 
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source,  to  which  I  have  already  frequently  referred,  that  is  to 
say,  by  a  comparison  with  the  intensity  wluch  I  found  at  a 
point  of  the  magnetic  equator  in  the  Peruvian  chain  of  the 
Andes,  which  it  intersects  ml'' 2'  lat.  and  78°  43'  W.  long, 
or,  acccnrding  to  the  earliest  suggestions  of  Poisson  and  Gauss, 
by  absolute  measurement.*  If  we  assume  the  intensity  at 
the  above  indicated  point  of  the  magnetic  equator  =  1.000, 
in  the  relative  scale,  we  find  from  the  comparison  made  be- 
tween the  intensity  of  Paris  and  that  of  London  in  the  year 
1827  (see  page  67),  that  the  intensities  of  these  two  cities 
are  1.348  and  1.372.  If  we  express  these  numbers  in  ao- 
cordance  with  the  absolute  scale  they  will  stand  as  about 
s:  10.20  and  10.38,  and  the  intensity,  which  was  assumed  to 
be  1.000  for  Peru,  would,  according  to  Sabine,  be  7.57  in  the 
absolute  scale,  and  therefore  even  greater  than  the  intensity 
«t  St.  Helena,,  whidi,  in  the  same  absolute  scaler  6.4.  All 
these  numbers  must  be  subjected  to  a  revision  on  account  of 
the  different  years  in  which  the  comparisons  were  made. 
They  can  only  be  regarded  as  provisional,  whether  they  are 
reckoned  in  the  relative  (or  arbitrary)  scale  or  in  the  absolute 
Bcalie,  which  is  to  be  preferred  to  the  formw,  but  even  in 
their  present  imperfect  degree  of  accuracy  they  throw  con- 
siderable light  on  the  distribution  of  the  magnetic  force — a 
etubject  which,  till  within  the  last  half  century,  was  shrouded 
in  the  greatest  obscurity.  They  afford  what  is  cosmicaUy 
of  very  great  importance,  historical  points  of  departure  for 
those  alterations  in  the  force,  which  will  be  manifested  in 
future  years,  probably  through  the  dependence  of  the  earth 
upon  the  magnetic  force  of  the  sun,  by  which  it  is  influenced. 
In  the  northern  hemisphere  the  stronger  or  Canadian 
focus  in  52'^  Id'  N.  lat.  and  92°  W.  long,  has  been  most  satis- 
factorily determined  by  Lefroy.  This  intensity  is  expressed 
in  the  relative  scale  by  1.878,  the  intensity  of  London  being 
1.372,  while  in  the  absolute  scale  it  would  be  expressed  by 
14.21.**    Even  in  New  York,  lat.  40°  42^  Sabine  found  the 

^  Phil.  TrwMod.  for  1850,  pt.  i,  p.  201;  AdmiraUy  Mamud,  lBi9, 
p.  16 ;  Erman,  Magnk,  Beob,  b.  437—454. 

^^  On  the  map  of  isodynamic  Unes  for  North  America  which  oocutb 
tn  Sabine's  ConiribiUicnB  to  Terrestrial  Magnetiem,  Ko.  yii,  we  find,  by 
mistake,  the  value  14.88  instead  of  14.21,  although  the  latter,  which  is 
the  true  number,  is  given  at  page  252  of  the  text  of  this  memoir. 
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toagnetic  force  not  mach  less  (1.803).  For  the  weaker 
northern  or  Siberian  focus,  70°  Lat.,  120°  E.  long.,  it  was 
found  by  Erman  to  be  1.74  in  the  xelative  scale,  and  bj 
Hansteen,  1.76,  that  is  to  say,  about  13.3  in  the  absolute 
scale.  The  Antarctic  expedition  of  Sir  James  Boss  hsA 
shown  us  that  the  difference  of  the  two  foci  in  the  southern 
hemisphere  is  probably  less  than  in  the  northern,  but  that 
each  of  the  two  southern  foci  exceeds  both  the  northern  in 
intensity.  The  intensity  ib  the  stronger  southern  focus, 
64°  lat.,  137°  30'  R  long.,  is  at  least  2.06  in  the  relative  or 
arbitrary  scale,^  while  in  the  absolute  scale  it  is  15.60 ;  in 
the  weaker  southern  focus^  60°  lat.,  129°  40^  W.  long.,  we  find 
also,  according  to  Sir  James  Boss,  that  it  is  1.96  in  the  arbi- 
trary scale  and  14.90  in  tha  absolute  scale.  The  greater  or 
lesser  distance  of  the  two  foci  irom  one  another  in  the  same 
hemisphere  has  been  recognised  as  an  important  element  of 
their  individual  intensity,  and  of  the  entire  distribution  of 
the  magnetic  force,  '*  Even  although  the  foci  of  the  southern 
hemisphere  exhibit  a  strikingly  greater  intensity  (namely 
15.60  and  14.90  in  the  absolute  scale),  than  the  foci  of  the 
northern  hemisphere  (which  are  respectively  14.21  and 
13.30),  the  total  magnetic  force  of  the  one  hemisphere  cannot 
be  esteemed  as  greater  than  that  of  the  other." 

"  The  result  is,  however,  totally  different  when  we  sepa- 
rate the  terrestrial  sphere  into  an  eastern  and  western  part, 
in  accordance  with  the  meridians  of  100°  and  280°  £.  long, 
reckoning  from  west  to  east  in  such  a  manner  tiiat  the 
eastern  or  more  continental  sphere  shall  enclose  South 
America,  the  Atlantic  Ocean,  Europe  Africa,  and  Asia, 
almost  as  fiur  as  Baikal,  whilst  the  western,  which  is  the 
more  oceanic  and  insular,  includes  almost  the  whole  of  North 

^  I  follow  the  value  given  in  Sa^HneTs  CowtributWM,  No.  vii,  p.  252, 
namely  15.60.  We  find  from  the  Magnetic  Journal  of  the  Erebus 
(Phil.  Trcmsact.  fcr  1843,  pt.  ii,  pp.  169 — 172),  that  several  individual 
observations,  taken  on  the  ioe  on  &e  dth  of  February,  1841,  in  77^  47' 
S.  lat.  and  172^  42'  W.  long,  yielded  2.124.  The  value  of  the  intensity 
15.60  in  the  absolute  scale  would  lead  us  to  assume  provisionally  that 
the  intensity  at  Hobarton  was  13.51  {Magn.  and  MtteoroL  Obterv.  made 
at  ffoba^ton,  vol.  i,  p.  75).  This  value  has,  however,  lately  been  slightly 
augmented  (to  13.56)  (vol.  ii,  xlvi).  in  the  AdmiraUy  Mwnuait  p«  17, 
I  find  the  southern  focus  of  greatest  intensity  chanfced  to  15i.&. 
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America,  the  broad  expanse  of  the  Pacific,  New  Holland,  and 
a  portion  of  £astem  Asia."  These  meridians  lie  the  one 
about  4^  west  of  Singapore,  the  other  13^  west  of  Cape  Horn, 
in  the  meridian  of  GuayaqniL  All  fonr  foci  of  the  maxi- 
mum of  the  magnetic  force,  and  even  the  two  magnetic  poles 
fall  within  the  western  hemisphere.' 

Adolph  iEkman's  important  observation  of  least  intensity 
in  the  Atlantic  Ocean,  east  of  the  Brazilian  province  of 
Espiritu  Santo  (20  S.  lat.,  35  <02'  W.  long.),  has  been 
already  mentioned  in  our  Delineation  of  Nature.*  He  found 
in  the  relative  scale  0.7062  (in  the  absolute  scale  5.35). 
This  r^on  4>f  weakest  intensity  was  also  twice  crossed  by 
Sir  James  Boss  in  his  Antarctic  expedition'  between  19°  and 
21°  S.  lat.,  as  well  as  by  Lieutenant  Sulivan  and  Dunlop 
in  their  voyage  to  the  Falkland  Islands.'  In  his  isodynamic 
chart  of  the  entire  Atlantic  Ocean,  Sabine  has  drawn  the 
curve  of  least  intensity,  which  Ross  calls  the  equator  of  less 
intensity^  from  coast  to  coast.  It  intersects  the  West  African 
shore  of  Benguela,  near  the  Portuguese  colony  of  Mossamedes, 
(15°  S.  lat.) ;  its  summits  are  situated  in  the  middle  of 
the  ocean  in  18°  W.  long.,  and  it  rises  again  on  the  Brazilian 
coast  as  high  as  20^  S.  lat.  Whether  there  may  not  be 
another  zone  of  tolerably  low  intensity  (097),  lying  north  of 
the  equator  (10°  to  12*»  lat.),  and  about  20°  east  of  the  Phi- 
lippines is  a  question  that  must  be  left  for  future  investiga- 
tions to  elucidate. 

I  do  not  think  that  the  ratio  which  I  formerly  gave  of 
the  weakest  to  the  strongest  terrestrial  force  requires 
much  modification  in  consequence  of  later  investigations. 
This   ratio   &lls   between    1 :  2^    and   1 : 3,    being    some- 

'  See  the  interesting  Map  of  the  World,  divided  into  hemispheres  by  a 
plane  coinciding  vnih  the  meridians  of  100  and  280  B,  of  Qreenvnch, 
exhibiting  the  unequal  distribution  of  the  magnetic  intensity  in  the  two 
hemispheres,  plate  ▼,  in  the  Proceedings  of  Ike  Brit.  Assoc,  at  Liverpool, 
1837,  pp.  72-— 74.  Erman  found  that  the  intensity  of  the  terrestrial 
force  was  almost  constantly  below  0.76,  and  consequently  very  small  in 
the  southern  zone  between  latitudes  24**  25^  and  13°  18'',  and  between 
the  western  longitudes  of  34°  60^  and  32**  44^ 

*  Cosmos,  vol.  i,  p.  181. 

'  Voyage  in  the  Southern  Seas,  vol.  1,  pp.  22,  27 ;  vide  supra^  p.  96. 

^  See  the  Journal  of  Sulivan  and  Dunlop,  in  the  PhU.  Transact,  for 
1810,  pt.  i,  p.  143.    They  found  as  the  minimum  only  0.800. 
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what  nearer  to  the  latter  number,  and  the  difference  of 
the  data^  arises  from  the  circiunstance  that  in  some  cases 
the  minima  alone,  and  in  others  the  Tninima  and  maxima 
together,  have  been  altered  somewhat  arbitrarily.  Sabine^ 
has  the  great  merit  of  having  first  drawn  attention  to  the 
importance  of  the  dynamic  equator,  or  curve  of  least  intensity. 
"  This  curve  connects  the  points  of  each  geographical  meri- 
dian at  which  the  terrestrial  intensity  is  the  smallest* 
It  describes  numerous  undulations  in  psissing  round  the 
earth,  on  both  sides  of  which  the  force  increases  with  the 
higher  latitudes  of  each  hemisphere.  It  in  this  manner 
indicates  the  limits  between  the  two  magnetic  hemispheres 
more  definitely  than  the  magnetic  equator,  on  which  the 
direction  of  the  magnetic  force  is  vertical  to  the  direction  of 
gravity.  In  respect  to  the  theory  of  magnetism,  that  which 
refers  directly  to  the  force  itself  is  of  even  greater  importance 
than  that  which  merely  refers  to  the  direction  of  the  needle, 
its  horizontal  or  vertical  position.  The  curves  of  the 
dynamic  equator  are  numerous,  in  consequence  of  their 
depending  upon  forces,  which  produce  four  points  ^foci)  of 
the  greatest  terrestrial  force,  which  are  unsymmetncal  and 
of  unequal  intensity.  We  are  more  especially  struck  in  these 
inflections  with  the  great  convexity  in  the  Atlantic  Ocean 
towards  the  South  Pole,  between  the  coasts  of  Brazil  and  the 
Cape  of  Good  Hope." 

Does  the  intensity  of  the  magnetic  force  perceptibly 
decrease  at  such  heights  as  are  accessible  to  us,  or  does  it 
perceptibly  increase  in  the  interior  of  the  earth  ?  The  pro- 
blem which  is  suggested  by  these  questions  is  extremely 

7  We  obtain  1:2.44  on  comparing  in  the  absolute  scale  St.  Helena, 
which  is  6.4,  with  the  focus  of  greatest  intensity  at  the  south  pole, 
which  is  15.60,  and  1:2.47  by  a  comparison  of  St.  Helena  with  the 
higher  southern  maximum  of  15.8,  as  given  in  the  Admvmlty  Ma/nual, 
p.  1 7,  and  1 : 2.91  by  a  comparison  in  the  relative  scale  of  Erman's  ob« 
servation  in  the  Atlantic  Ocean  (0.706),  with  the  southern  focus  (2.06) ; 
indeed,  even  1:2.95,  when  we  compare  together  in  the  absolute  scale 
the  lowest  value  given  by  this  distinguished  traveller  (5.35),  with  the 
highest  value  for  the  southern  focus  (15.8).  The  mean  resulting  ratio 
would  be  1 :2.69.  Compare  for  the  intensity  of  St.  Helena  (6.4  in  the 
absolute,  or  0.845  in  the  arbitrary  scale),  the  earliest  observations  of 
Fitzroy  (0.836),  PhU,  Trcmsctct.  for  1847,  pt.  i,  p.  52,  and  Proceedings  of 
the  Meeting  at  Liverpool,  p.  56. 

'  S^e  Contrib,  t6  Terreatr.  Magnetism,  ^o.  vii,  p.  256. 
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complicated  in  tlie  case  of  observations  wMcli  are  madef 
either  in  or  upon  the  earth,  since  a  comparison  of  tlie  effect 
of  considerable  heights  on  mountain  journeys  is  rendered 
dif&cult^  because  the  upper  and  lower  stations  are  seldom 
sufficiently  near  one  another,  owing  to  the  great  mass  of  the 
mountain,  and  since  farther,  the  nature  of  the  rock  and  the 
penetration  of  veins  of  minerals,  which  are  not  accessible  to 
pur  observation,  together  with  imperfectly  understood  horary 
and  accidental  alterations  in  the  intensity,  modify  the  results, 
where  the  observations  are  not  perfectly  simultaneous.  In 
this  manner  we  often  ascribe  to  the  height  or  depth  alone, 
conditions  which  by  no  means  belong  to  either.  The  nume- 
rous mines  of  considerable  depth  which  I  have  visited  in 
Europe,  Peru,  Mexico,  and  Siberia,  have  never  afforded 
localities  which  inspired  me  with  any  confidence.'  Th^ 
moreover,  care  should  be  taken  in  giving  the  depths,  not  to 
neglect  the  perpendicular  diflferences  above  or  below  the  level 
of  the  sea,  4bich  constitutes  the  mean  sor&ce  of  the  earth. 
The  borings  at  the  mines  of  Joachimsthal  in  Bohemia  are  up- 
wards of  2000  feet  in  absolute  depth,  and  yet  they  only  reach 
to  a  stratum  of  rock  which  Hes  between  200  and  300  feet 
above  the  level  of  the  sea.^*'  Very  different  and  more  favour- 
able conditions  are  afforded  by  balloon  ascents.  Gay-Lussac 
rose  to  an  elevation  of  23,020  feet  above  Paris;  consequently, 
therefore,  the  greatest  relative  depth  that  has  been  reached 
by  borings  in  Europe,  scarcely  amounts  to  tt^^  ^^  ^^^^  height. 
My  own  mountain  observations  between  the  years  1799  and 
1806,  led  me  to  believe  that  the  terrestrial  force  gradually 
decreases  vdth  the  elevation,  although,  in  consequence  of  the 
causes  of  disturbance  already  indicated,  several  results  are  at 
variance  with  this  conjectural  decrease.  I  have  collected  in 
a  note  individual  data,  taken  from  125  measurements  of 
intensity  made  in  the  Andes,  in  the  Swiss  Alps,  Italy,  and 
Grermany.^    These  observations  extended  from  the  level  of 

^  We  may  ask  what  kind  of  error  can  havie  led  in  the  coal  mines  of 
Flenu  to  the  result  that  in  the  interior  of  the  earth,  at  the  depth  of  87 
feet,  the  horizontal  intensity  had  increased  0.001  ?  Jownud  de  VInatittU, 
184  5>  Avril^  p.  146.  In  an  English  mine,  which  is  950  feet  below  the 
level  of  ihe  sea,  Henwood  did  not  find  any- increase  in  the  intensity 
(Brewster,  !Frea;tise  on  Magn,  p.  276). 

^  Cosmos,  vol.  i,  p.  160. 

u  j^  diminution  of  the  intensity  with  the  height  is  shown  la  my 
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the  sea  to  an  elevation  of  15,944  feet,  and  therefore  to  the  very 
iisftits  of  perpetual  snow,  but  the  greatest  heights  did  not 
afford  me  the  most  reliable  results.  The  most  satisfactory 
were  obtained  on  the  steep  declivity  of  the  Silla  de  Caracas 
(8638  feet),  which  inclines  towards  the  neighbouring  coasts  of 
La  Guayra ;  the  Santuario  de  Nostra  Senora  de  Guadalupe^ 

obGwrvatioxis  from  the  comparisons  of  the  Silla  de  Caracas  (8638  feet 
above  the  sea,  intensity  1.188),  with  the  harbour  of  Guayra  (height 
0  feet,  intensity  1.262),  and  the  town  of  Caracas  (height  2648  feet, 
intensity  1.209) ;  from  a  comparison  of  the  town  of  Santa  F^  de  Bogota 
(eleyation  8735  feet,  intensity  1.147),  with  the  chapel  of  Neustra 
Senora  da  Quadalupe  (elevation  10,794  feet,  intensity  1.127),  which 
aeems  to  hang  over  the  town  like  a  swallow's  nest,  perched  upon  a  steep 
ledge  of  rock ;  from  a  comparison  of  the  volcano  of  Purace  (elevation 
14,548  feet>  intensity  1.077),  with  the  mountain  village  of  Purace 
(elevation  8671  feet,  intensity  1.087),  and  with  the  neighbouring 
town  of  Popayan  (elevation  5825  feet,  intensity  1.117) ;  from  a  com- 
parison of  the  town  of  Quito  (elevation  9541  feet,  intensity  1.067), 
^th  the  village  of  San  Antonio  de  Lulumbamba  (elevation  8131 
feet,  intensity  1.087)  lying  in  a  neighbouring  rocky  fissure  directly 
under  the  geographical  equator.  The  oscillation  ezperim6nts,  which  I 
made  at  the  highest  point  at  which  I  ever  instituted  observations  of  the 
kind,  namely,  at  an  elevation  of  15,944  feet  on  the  declivity  of  the  long 
since  extinct  volcano  of  Antasana,  opposite  the  Chussulongo,  were  quite 
at  variance  with  this  result.  It  was  necessary  to  make  this  observation 
in  a  large  cavern,  and  the  great  increase  in  the  intensity  was  no  doubt 
the  consequence  of  a  magnetic  local  attraction  of  the  trachytic  rock,  as 
has  been  shown  by  the  experiments  which  I  made  with  Gay-Lussac 
within,  and  on  the  margin  of,  the  crater  of  Vesuvius.  I  found  the 
intensity  in  the  Cave  of  Antisana  increased  to  1.188,  while  in  the  neigh- 
bouring lower  plateau  it  was  scarcely  1.068.  The  intensity  at  the 
Hospice  of  St.  Cfotthard  (1.313)  was  greater  than  that  at  Airolo  (1.309), 
but  less  than  that  at  Altorf  (1.322).  Airolo,  on  the  other  hand,  exceeded 
the  intensity  of  the  Ursem  Lake  (1.307).  In  the  same  manner  Gay- 
Lussac  and  myself  found  that  the  intensity  was  1.344  at  the  Hospice  of 
Hont  Cenis,  whilst  at  the  foot  of  the  same  mountain,  at  Lans  le  Bourg, 
it  was  1.323,  and  at  Turin  1.336.  The  greatest  contradictions  were 
necessarily  presented  by  the  burning  volcano  of  Vesuvius,  as  we  have 
^eady  remarked.  Whilst  in  1805  the  terrestrial  force  at  Naples  was 
1.274,  and  at  Portici  1.288,  it  rose  in  the  Monastery  of  St.  Salvador  to 
1.302,  whilst  it  fell  in  the  crater  of  Vesuvius  lower  than  anywhere  else 
tfaronghout  the  whole  district,  namely,  to  1.193.  The  iron  contained  in 
the  lava,  the  vicinity  of  magnetic  poles,  and  the  heat  of  the  soil,  which 
probably  has  the  effect  of  diminishing  this  force,  combined  to  produce 
the  most  opposite  local  disturbances.  See  my  Voyage  aux  SSgiont 
EqumoxiaUa,  t.  iii,  pp.  619—626,  and  Mim,  de  la  SocUU  d^ArcueU,  t,  i, 
1807,  pp.  17—19. 
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wMch  rises  immediately  over  the  town  of  Bogota,  apon  tho 
declivity  of  a  steep  wall  of  limestone  rock)  with  a  difierence 
of  elevation  amounting  to  upwUrcb  of  2000  feet ;  and  the 
volcano  of  Pnrace,  which  rises  8740  feet  above  the  Plaza 
Mayor  of  the  town  of  Popayan.  Kup^r  in  the  Caucasus/* 
Forbes  in  many  piarts  of  Europe,  Laugier  and  Mauvais  on 
the  Canigou,  Bravais  and  Martins  on  the  Faulhom,  and 
during  their  very  adventurous  sojourn  in  the  immediatei 
vicinity  of  the  summit  of  Mont  Blanc,  have  certainly  observed 
that  the  intensity  of  the  magnetic  force  diminished  with  the 
height,  and  this  decrease  appealed  from  Bravais*s  general 
consideration  of  the  subject  to  be  more  rapid  in  the  Pyrenees 
than  in  the  chain  of  the  Alps." 

Quetelet's  entirely  opposite  results,  obtained  in  an  exctb"- 
flion  from  Geneva  to  the  Col  de  Balme  and  the  Great  St* 
ifiemard,  make  it  doubly  desirable  for  the  final  and  decisive 
settlement  of  so  important  a  question,  that  observations 
should  be  made  at  some  distance  from  the  sur&ce  of  the 
earth;  and  these  observations  can  only  be  carried  on  by 
meuis  of  balloon  ascents,  such  as  were  employed  in  1804,  by 
Gay-Lufisae,  first  in  association  with  Blot,  on  the  24th  of 
August,  and  subsequently  alone  on  the  16th  of  September. 
Oscillations  measured  at  elevations  of  19,000  feet,  can  how- 
ever only  afibrd  us  certain  information  regarding  the  trans- 
mission  of  ihe  terrestrial  force  ija  the  fbee  atmosphere^  when 

'2  Kdpffer's  observationB  do  not  refer  to  the  mimmit  of  the  Elbrtiz, 
but  to  tie  difference  of  heigbt  (4796  feet)  between  two  stations,  Tiz.  the 
bridge  of  Malya,  and  the  mountadn  defilivity  of  Khaifbis,  Wbick  unfor- 
tunately differ  considerably  in  longitude  snd  latitude  Ri^atxling  the 
doubts  which  decker  and  Forbes  have  advanced  in  ration  to  this  result 
see  Tra/Moct,  of  the  R&f/al  Soc.  «/  JSdwt.  vol.  xiv,  1840,  pp.  23 — 25. 

^  Compare  Lau)gier  and  Mauvais,  in  the  Comptet  tindvs,  t.  svi,  ld43> 
p.  11^6;  and  Bravais,  Obstrv.  de  VlnteiiskS  vhi  Matgnet^irM  Terre$tre  e» 
yrancCf  m  Suisse,  et  en  Savoie,  in  the  A^Mfidles  de  Chemie  tt  de  I^^* 
3^me  S^rie,  t.  Iviii.  1846,  p.  214 ;  Kreil,  Smjhtss  der  Alpen  avf  die 
IntensiUU,  in  the  Denkschriftm  der  Wimer  Akad,  det*  Wiss.  Mathem. 
NcUurwiss.  CI.  Bd.  i,  1850,  s.  265,  2t9,  290.  It  is  Very  remarkable  that 
so  accurate  an  observer  as  Quetelct  (Should  have  found,  in  a  tour  which 
he  made  in  the  year  1880,  that  the  horizoiital  intensity  ind^ased  with 
the  height,  in  ascendiiig  fudtn  Geneva  (wh6re  it  was  1.080),  to  the 
Col  de  Bailie  (where  it  was  1.091),  and  to  the  Hospice  of  St.  Bernard 
where  it  was  as  high  as  1.096).  See  Sir  David  Bi^ftwster^  Treatise  <m 
Magn.  p.  275. 
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care  is  taken  to  obtain  corrections  for  temperature  in  the 
needles  that  are  employed  both  before  and  afber  the  ascent. 
The  neglect  of  such  a  correction  has  led  to  the  erroneous 
result  deducible  from  Gay-Lussac's  experiments,  that  the 
ma^etic  force  remains  the  same  to  an  elevation  of  more 
than  22,000  feet,^*  whilst  conversely  the  experim^ent  Bhow«d 
a  decrease  in  the  force  on  account  of  the  shortening  of  the 
oscillating  needle  in  the  upper  cold  region."  Faraday's 
brilliant  discovery  of  the  paramagnetic  force  of  oxygen  must 
not  be  disregarded  in  the  discussion  of  this  subject.  This 
great  physicist  shows  that  in  the  upper  strata  of  the  atmo- 
sphere, the  decrease  in  the  intensity  cannot  be  sought  merely 
in  the  original  source  of  the  force,  namely  the  solid  earth, 
but  that  it  may  equally  arise  from  the  excessively  rarefi:ed 
condition  of  the  air,  since  the  quantity  of  oxygen  in  a  cubic 
foot  of  atmospheric  air  must  differ  in  the  upper  and  lower 
strata.  It  seems  to  me,  however,  that  we  are  not  justified 
in  assuming  more  than  this — that  the  decrease  of  the  para^ 
magnetic  property  of  the  oxygenous  parts  of  the  atmosphere 
which  diminish  with  the  ele-vation  and  with  the  rarefae* 
tion  of  the  air,  must  be  regarded  as  a  co-operating  modifying 
cause.  Alterations  of  temperature  and  density  through  the 
ascending  currents  of  air  may  further  alter  the  cmiount  of 
this  influence.^^  Such  disturbances  assume  a  variable  and 
specially  local  character,  and  they  operate  in  the  atmosphere 
in  the  same  manner  as  different  kinds  of  rocks  upon  the 
surface  of  the  earth.  With  every  advance  which  we  may 
rejoice  in  having  made  in  our  knowledge  of  the  gaseous 
envelope  of  our  planet  and  of  its  physical  properties,  tre  at  the 
same  time  learn  to  know  new  causes  of  disturbance  in  th<i 
alternating  mutual  action  of  forces,  which  should  teach  us 
how  cautiously  we  ought  to  draw  our  conclusions. 

The  intensity  of  the  terrestrial  fores,  when  measured  at 
definite  points  of  the  surface  of  our  planet,  has,  like  all  the 
phenomena  of  terrestrial  magnetism,  its  horary  as  well  as  its 
seculaar  variations*      The  horary  variations  were  distinctly 

"  AfMudet  deOhimie,  t.  lii,  1805,  pp.  86—87. 

"  Arago,  in  the  Armitaire  du  Bureau  des  Longitudes  p(^wr  1886, 
p.  287 ;  Forbes,  in  the  Edm,  Tramaact.  vol.  xiv,  1840,  p.  22.- 

16  Faraday,  i5rp«r.  Beseoerehts  m  EUctridiy,  1851,  pp.  53,  'J7,  §§  2881, 
2961. 
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recognized  by  Parry  during  his  third  voyage,  and  also,  con- 
jointly with  him,  by  Lieutenant  Foster  (1825)  at  Port 
Bo  wen.  The  increase  of  intensity  from  morning  till  evening 
in  the  mean  latitudes  has  been  made  an  object  of  the  most 
careful  investigation  by  Christie,  "  Arago,  Hansteen,  Gauss, 
and  Kupffer.  As  horizontal  oscillations,  notwithstanding 
the  great  improvements  which  have  been  made  in  the  present 
day  in  the  dipping-needle,  are  preferable  to  oscillations  of  the 
latter  kind,  it  is  not  possible  to  ascertain  the  horary  varia- 
tion of  the  total  intensity  without  a  very  accurate  knowledge 
of  the  horary  variation  of  the  dip.  The  establishment  of 
magnetic  stations,  in  the  northern  and  the  southern  hemi- 
sphere, has  afforded  the  great  advantage  of  yielding  the 
most  abundant,  and,  incomparatively,  the  most  accurate 
results.  It  will  be  sufficient  here  to  instance  two  points  of 
the  earth's  surface,  which  are  both  situated  without  the 
tropics,  and  ahnost  in  equal  latitudes  on  either  side  of  the 
equator — ^namely,  Toronto,  in  Canada,  43°  39'  N".  lat.,  and 
Hobarton,  in  Van  Diemen's  Land,  in  42°  53'  S.  lat.,  with  a 
difference  of  longitude  of  about  15  hours.  The  simultaneous 
horary  magnetic  observations  belong  at  the  one  station  to 
the  winter  months,  while  at  the  other  they  fall  within  the 
period  of  the  summer  months.  While  measurements  are 
made  at  the  one  place  during  the  day,  they  are  being  simul- 
taneously carried  on  at  the  other  station  for  the  most  part 
during  the  night.  The  variation  at  Toronto  is  1°  33'  West ; 
at  Hobarton  it  is  9°  57'  East ;  the  inclination  and  the  inten- 
sity are  similar  to  one  another ;  the  former  is,  at  Toronto, 
about  75°  15'  to  the  north,  and  at  Hobarton  about  70°  34'  to 
the  south,  whilst  the  total  intensity  is  13*90  in  the  absolute 
ficale  at  Toronto,  and  13*56  at  Hobarton.  It  would  appear 
from  Sabine's  investigation,  that  these  well-chosen  stations 
exhibit^'  four  turning  points  for  the  intensity  in  Canada,  and 
only  two  such  points  for  Van  Diemen's  Land.  At  Toronto, 
the  variation  in  intensity  reaches  its  principal  maximum 
at  6  P.M.,  and  its  principal  minimum  at  2  A.M. ;  a  weaker 

^^  Christie,  in  the  Phil.  Transact,  for  1826,  p.  49. 

^  Sabine,  On  Periodical  Laws  of  the  Larger  Magnetic  Distwrbances, 
in  thePM.  Tran8a4:i.  for  1851,  pt.  i,  p.  126,  and  on  the  Aumnal  Va/rick' 
iion  of  the  Magn,  Declin.  in  the  Phil,  Transact,  for  1851,  pt.  ii,  p.  686. 

1'  Observ,  niade  at  the  Magn,  and  Meteorol.  Observatory  <U  Toronto, 
vol.  i  (1840-- 1842),  p.  bdi- 
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secondary  maximum  at  8  A.H.y  and  a  weaker  secondary 
minimum  at  10  a.m.  The  intensity  at  Hobarton^  on 
the  contrary,  exliibits  a  simple  progression  from  a  maxi- 
mum between  5  and  6  p.m.  to  a  minimimi  between  8 
and  9  A.M.;  although  the  inclination  there,  no  less  than 
at  Toronto,  exhibits  four  turning  points^.  By  a  com- 
parison of  the  variations  of  inclination,  with  those  of  the 
horizoutal  force,  it  has  been  established  that,  in  Canada, 
during  the  winter  months,  when  the  sun  is  in  the  southern 
signs  of  the  zodiac,  the  total  terrestrial  force  has  a  greater 
intensity  than  in  the  summer  months,  whilst  in  Van 
Diemen's  Land  the  intensity  is  greater  than  the  mean  annual 
value — that  is  to  say,  the  total  terrestrial  force —from 
October  to  February,  which  constitutes  the  summer  of  the 
southern  hemisphere,  while  it  is  less  from  April  to  Atfgust. 
According  to  Sabine,*^  this  intensity  of  the  terrestrial  mag- 
netic force  is  not  dependent  on  differences  of  temperature, 
but  on  the  lesser  distance  of  the  maguetic  solar  body  from 
the  earth.  At  Hobarton,  the  intensity  during  the  summer 
is  13.574  in  the  absolute  scale,  whilst  during  the  winter  it  is 
13.543.  The  secular  variation  of  intensity  has  hitherto,  been 
deduced  from  only  a  small  number  of  observations.  At 
Toronto,  it  appears  to  have  suffered  some  decrease  between 
1845  and  1849,  and  the  comparison  of  my  own  observations 
with  those  of  Rudberg,  in  the  years  1806  and  1832,  give  a 
similar  result  for  Berlm.  ^ 

^  Sabine,  in  Magn.  amd  Meteor,  Observations  at  HobaHon,  vol.  i, 
p.  Ixyiii.  ''  There  is  also  a  correspondence  in  the  range  and  turning 
hours  of  the  diiumal  variation  of  the  total  force  at  Hobarton  and  at 
Toronto,  although  the  progression  is  a  double  one  at  Toronto  and  a 
single  one  at  Hobarton.''  The  time  of  the  maximum  of  intensity  falls 
at  Hobarton  between  8  and  9  A.M.;  whilst  the  secondary  or  lesser  mini- 
mum falls  at  Toronto  about  10  A.M.f  and  consequently  the  increase  and 
diminution  of  the  intensity  fall  within  the  same  hours  in  accordance 
with  the  time  of  the  place,  and  not  at  opposite  hours,  as  is  the  case 
with  respect  to  the  inclination  and  the  declination.  See,  regarding  the 
causes  of  this  phenomenon,  p.  Iziz  (compare  also  Faraday,  Atnvos'pheric 
Moffnetism,  §§  3027—3034). 

^  Phil.  Transact,  for  1850,  pt.  i,  pp.  215 — 217;  Magnet,  Observ. 
at  Hobarton,  vol.  ii,  1852,  p.  xlvi.  See  also  p.  22  of  the  present 
volume.  At  the  Cape  of  Qood  Hope  the  intensity  presents  less  differ- 
ence at  opposite  periods  of  the  year  than  the  inclination  {Magnet, 
Observ,  made  at  the  Cape  of  Qood  Hope,  vol.  i,  1851,  p.  Iv). 

^  See  the  magnetic  part  of  my  work  on  Am  Centrale,  U  iii,  p.  442. 
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The  knowledge  of  the  isoclinal  curves,  or  lines  of  equal 
inclination,  as  well  as  the  more  rapid  or  slower  increase  of 
the  inclination  by  which  they  are  determined,  (reckoning 
from  the  magnetic  equator  where  the  inclination  =  0  to 
the  northern  and  southern  magnetic  pole  where  the  horizontal 
force  vanishes,)  has  acquired  additional  importance  in  modem 
times,  since  the  element  of  the  total  magnetic  force  cannot 
be  deduced  from  the  horizontal  intensity,  which  requires  to 
be  measured  with  excessive  accuracy,  unless  we  are  previously 
well  acquainted  with  the  inclination.  The  knowledge  of  the 
geographical  position  of  both  magnetic  poles  is  due  to  the 
observations  and  scientific  energy  of  the  adventurous  navi- 
gator,  Sir  Ja^nes  Ross.  Hi,  cfservatious  of  the  northern 
magnetic  pole  were  made  during  the  second  expedition  of 
his  uncle,  Sir  John  Eoss  (1829 — 1833),*'  and  of  the  southern 
during  the  Antarctic  expedition  under  his  own  command 
(1839--1843).  The  northern  magnetic  pole  in  70°  5'  lat., 
^6°  43'  W.  long.,  is  5°  of  latitude  farther  from  the  ordinary 
pole  of  the  earth  than  the  southern  magnetic  pole^  75°  35'  lat., 
154°  10' E.  long.,  whilst  it  is  also  situated  farther  west  from 
Greenwich  than  the  northern  magnetic  pole.  The  latter  be- 
longs to  the  great  islandof  Boothia  Felix,  which  is  situated  very 
near  the  American  continent,  and  is  a  portion  of  the  district 
which  Captain  Parry  had  previously  named  North  Somerset. 
It  is  not  far  distant  from  the  western  coast  of  Boothia  Felix, 
near  the  promontory  of  Adelaide,  which  extends  into  Eling 
William's  Soimd  and  Victoria  Strait.  ^  The  southern  mag- 
netic pole  has  not  been  directly  reached  in  the  same  manner 
as  the  northern  pole.  On  the  17th  of  February,  1 841,  the 
Erebus  penetrated  as  far  as  76°  12'  S.  la^t.,  and  164°  E.  long. 
As  the  inclination  was  here  only  88°  40',  it  was  assumed  that 
the  southern  magnetic  pole  was  about  1 60  •  nautical  miles 
distant.  **    Many  accurate  observations  of  declination,  deter- 

"3  Sir  John  Barrow,  Arctic  Voyages  of  Discovery,  1846,  pp.  521— 
529. 

2*  The  strongest  indination  which  has  as  yet  been  observed  in 
the  Siberian  continent,  is  S2°  16',  which  was  found  by  Middendorf,  on 
the  river  Taimyr,  in  74**  17'  N.  lat>  and  95**  40'  E.  loijg.  (Middead. 
Siber.  Eeise,  th.  i,  s.  194). 

*•  Sir  James  Boss,  Voyage  to  «ft«  Antarctic  Regiond,  vol.  i,  p,  246.    "  I 
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mining  tbe  intersection  of  the  tne^eiio  meridian,  render  it 
verj  probable  that  the  south  magnetio  pole  is  situated  in 
the  interior  of  the  great  antaretio  region  of  South  Victoria 
Land,  west  of  the  Prince  Albert  mountains,  which  approach 
the  south  pole,  and  are  connected  with  the  active  volcano  of 
Srebua,  which  is  12,400  feet  in  height, 

The  position  and  change  of  form  of  the  WLguetio  equator^ 
that  is  to  say,  the  line  on  which  the  dip  is  null,  were  very 
fally  considered  in  the  Picture  of  Natuye,  Cosmos^  vol  i., 
p.  176.  The  earliest  determination  of  the  African  node 
(the  intersection  of  the  geographical  and  magnetic  equator^) 
was  made  by  Sabine**  at  the  beginning  of  his  pendulum 
•expedition  in  1822.  Subsequently,  in  1840,  the  same  learned 
observer  noted  down  the  results  obtained  by  Duperrey, 
^Allen,  Dunlop,  and  Sulivan,  and  constructed  a  chart  of  the 
magnetic  equator  ^  from  the  west  coast  of  Africa  at  Biafra, 
(4^N.lat.  D''  30'  E,  long.)  through  the  Atlantic  Ocean  and 
Brazil  (16°  S.  lat.,  between  Porto  Seguro  andEio  Grande,)  to 
the  point  where,  upon  the  Cordilleras,  in  the  neighbourhood 
of  the  Pacific,  I  saw  the  northern  inclination  asmmie  a 
southern  direction.  The  African  node,  as  the  point  of  inter- 
section of  both  equators,  was  situated,  in  1837,  in  3®  E.  long., 
while,  in  1825,  it  had  been  in  6^57'£i.  long.  The  secular  motion 
of  the  node,  turning  from  the  basaltic  island  of  St.  Thomas, 
which  rises  to  an  elevation  of  more  than  7000  feet,  was  there- 
fore somewhat  less  than  half  a  degree  westward  in  the  course 
of  a  year ;  after  which  the  line  of  no  inclination  turned 
towards  the  north  on  the  African  coast,  whilst  on  the  Bra- 
zilian coast  it  is  inclined  southward.  The  convexity  of  the 
magnetic  equatorial  curve  is  persistently  turned  towards 
the  south  pole,  while  in  the  Atlantic  Ocean  it  passes  at  a 
distance  of  about  16®  fiK)ia  the  geographical  equator.  For 
the  interior  of  South  America,  the  terra  incognMa  of  Matto 

had  sa  long  cherished  the  ambitious  hope,"  says  this  nayigator,  ''to 
plant  the  flag  of  my  countxy  on  hoth  the  magnetic  poles  of  our  globei; 
.but  the  obstacles  which  presented  themselves  being  of  so  insurmount" 
able  a  character  was  some  degree  of  consolation  as  it  left  lis  no  grounds 
:for  self-reproach"  (p.  247), 

*  Sabine,  Pendul.  Exper.  1826,  p.  476. 
.     27  Sabine,  m  the  PhU,  Trmsact.  for  1840,  pt.  i,  pp.  136, 139, 146.    I 
follow  for  the  progression  of   the  African  node  the  map  which  is 
appended  to  this  treatise. 
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Grosso  between  tlie  large  rivers  of  Xinga,  Madera,  andUcayl^ 
we  have  no  observations  of  the  dip  until  we  reach  the  chain 
of  the  Andes,  where,  68  geographical  miles  east  of  the  shores 
of  the  Pacific,  between  Montan,  Micuipampa,  and  Caxamarca, 
I  determined  astronomically  the  position  of  the  magnetic 
equator,  which  rises  towards  the  north-west  (7°  2'  S.  lat.,  and 
78°  46'  W.  long.)  » 

The  most  complete  series  of  observations  which  we  pos- 
sess in  reference  to  the  position  of  the  magnetic  equator  was 
made  by  my  old  friend,  Duperrey,  during  the  years  1823— 
1825.  He  crossed  the  equator  six  times  during  his  voyages 
of  circumnavigation,  and  he  was  enabled  to  determine  this 
line  by  his  own  observations  over  a  space  of  220°.*  Accord- 
ing to  Duperrey's  chart  of  the  magnetic  equator,  the  two 
nodes  are  situated  in  long.  5°  50'  E.  in  the  Atlantic  Ocean^ 
and  in  long.  177°  20'  E.  in  the  Pacific,  between  the  meri- 

^  I  here  give,  in  accordance  with  my  usual  practice,  the  elements  of 
this  not  wholly  unimportant  determination :  Micuipampa,  a  Peruvian 
mountain  town-  at  the  foot  of  Cerro  de  Guelgayoc,  celebrated  for  it» 
rich  silver  mines,  6°  44'  25"  S.  lat.,  78"  83'  3"  W.  long.,  elevation  above 
the  Pacific  11,872  feet,  magnetic  inclination  0^.42  north  (according  to  the 
centesimal  division  of  the  circle) ;  Caxamarca,  a  town  situated  on  a 
plateau  at  an  elevation  of  9362  feet,  7''  8'  38"  S.  lat.,  Sb.  23' 42"  long., 
mclination  0.15  south ;  Montan,  a  farm-house  (or  hacienda),  surrounded 
by  Llama  flocks,  situated  in  the  midst  of  mountains,  6°  33'  9"  S. 
lat.,  5h  26'  51"  W.  long.,  elevation  8671  feet,  inclination  0.70  north; 
Tomependa,  on  the  mouth  of  the  Chinchipe,  on  the  river  Amazon,  m 
the  province  of  Jaen  de  Bracamoros,  5*  31'  28"  S.  lat.,  78**  37'  SO"  W. 
long.,  elevation  1324  feet,  inclination  3^.55  north;  Truxillo,  a  Pero^ 
vian  town  on  the  Pacific,  8**  6'  40"  S.  lat.,  79'  3'  37"  W.  long.,  inclina- 
tion 2**.  15  B<5uth.  Humboldt,  Recueil  d^Ohserv.  Aatron.  (Nivellement 
Barom^trique  et  Geod^sique)  voL  i,  p.  316,  No.  242,  244 — 254.  For 
the  basis  of  astronomical  determinations,  obtained  by  altitudes  of  the 
stars  and  by  the  chronometer,  see  the  same  work,  vol.  ii,  pp.  379 — 391. 
The  result  of  my  observations  of  inclination  in  1802,  in  7**  2'  S.  lat.,  and 
78*  48'  W.  long.,  accords  pretty  closely  by  a  singular  coincidence,  and 
notwithstanding  the  secular  alteration,  with  the  conjecture  of  Le 
Monnier,  which  was  based  upon  theoretical  calculation.  He  says,  "the 
magnetic  equator  must  be  in  7**  45'  north  of  Limsk,  or  at  most  in  6°  30^ 
S.  lat,  in  1776" (Xois  du  Magn6tisme  compares  aux  Observations,  pt.  ii, 
p.  69). 

2"  Sauigey,  M^m  swr  VEquatetir  Magnitique  d^apris  les  Observ.  df$ 
Ca^tame  Dv/perrey,  in  the  Awnales  Maritimes  et  Coloniales,  Dec.  1833, 
t.  iv,  p.  5.  Here  it  is  observed  that  the  magnetic  equator  is  not  a  curve 
of  equal  intensity,  but  that  the  intensity  varies  in  d^Bferent  parts  of  thSit 
equator  from  1  to  0.867. 
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dions  of  tlie  Fejee  and  Gilbert  Islands.  While  the  magnetic 
equator  leaves  the  western  coasts  of  the  South  American 
continent,  probably  between  Punta  de  la  Aguja  and  Payta, 
it  is  constantly  drawing  nearer  in  the  west  to  the  geograr 
phical  equator,  so  that  it  is  only  at  a  distance  of  2°  from  it 
in  the  meridian  of  the  group  of  the  Mendana  Islands.^ 
About  10°  farther  west,  in  the  meridian  which  passes 
through  the  western  part  of  the  Paumotu  Islands  (Low 
Archipelago)  lying  in  153°  50'  E.  long.,  Captain  Wilkes 
found  that  the  distance  from  the  geographical  equator  in 
1840  was  still  fully  2°.'*  The  intersection  of  the  nodes  in 
the  Pacific  is  not  as  much  as  180°  from  that  of  the  Atlantic 
nodes,  that  is  to  say,  it  does  not  occur  in  174°  10'  W.  long., 
but  in  the  meridian  of  the  Fejee  Islands,  situated  in  about 
177**  20'  E.  long.  If,  therefore,  we  pass  from  the  west  coast 
of  ^Africa,  through  South  America  westward,  we  shall  find 
in  this  direction  that  the  distance  of  the  nodes  from  one 
another  is  about  8^°  too  great,  which  is  a  proof  that  the 
curve  of  which  we  are  here  speaking  is  not  one  of  the 
great  circles. 

According  to  the  admirable  and  comprehensive  determi- 
nations which  were  made  by  Captain  Elliot  from  1846  to 
1849,  between  the  meridians  of  Batavia  and  Ceylon,  and 
which  coincide  in  a  remarkable  manner  with  those  of  JuleB 
de  Blosseville  (see  page  64),  it  would  appear  that  the 
magnetic  equator  passes  through  the  nori)hem  point  of 
Borneo,  and  almost  due  west  into  the  northern  point  of 
Ceylon,  in  9°  45'  N.  lat.  The  curve  of  minimum  total  in- 
tensity runs  almost  parallel  to  this  part  of  the  magnetic 
equator,**  which  enters  the  western  part  of  the  continent  of 
Africa,  south  of  the  Cape  of  Gardafrd.  This  important  re- 
entering point  of  the  curve  has  been  determined  with  great 
accuracy  by  Rochet  d'H6ricourt  on  his  second  Abyssinian 
expedition,  from  1842  to  1845,  and  by  the  interesting  dis- 

^  This  position  of  the  magnetic  equator  was  confirmed  by  Erman  for 
the  year  1830.  On  his  return  from  Kamtscatka  to  Europe,  he  found 
the  inclination  almost  null  at  !•  30'  S.  lat,  182*  87'  W.  long.;  in  !•  62'  S. 
lat.,  136»  10' W.  long.;  in  1*  64' lat.,  in  133'*  46' W.  long.;  in  2«  1'  S.  lat., 
IZ9'*  8'  W.  long.  (Erman,  Magnet  Beob.  1841,  s.  636). 

^  Wilkes,  United  States  Exploring  ExpedUum,  vol.  iv,  p.  263. 

«  Elliot,  in  the  PhU,  Transact,  for  1861,  pt.  i,  pp.  287—881. 
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cussion  to  wluch  bis  magnetic  obAervations  gare  rise.'*  This 
point  lies  aoatli  of  Oanbade,  between  Angolola  and  Angobar, 
the  capital  of  the  kingdom  of  Sohoa,  in  10^  7'  N.  lat.^  and  in 
4V  13'  E.  long,  l^e  course  of  the  magnetic  equator  in  the 
interior  of  Africa,  from  Angobar  to  the  Gulf  of  Biafra,  is  as 
thoroughly  unexplored  as  that  in  the  interior  of  South 
America,  east  of  the  chain  of  the  Andes,  and  south  of  the 
geographical  equator.  Both  these  continental  districts  are 
nearly  of  equal  extent,  measured  from  east  to  west,  each 
extending  over  a  space  of  about  80°  of  longitude,  ao  that  we 
Bxe  still  entirely  ignorant  of  the  magnetic  condition  of  nearly 
one  quarter  of  the  earth's  circumference.  My  own  observa- 
.tions  of  inclination  and  intensity  for  the  whole  of  the  in- 
terior of  South  America,  from  Cimiana  to  the  Rio  Negro,  as 
well  as  from  Cartagena  de  Indias  to  Quito,  refer  only  to  the 
tropical  zone  north  of  the  geographical  equator^  while  those 
which  I  made  in  the  southern  hemisphere^  from  Quito  as  &r 
as  Idma^  were  limited  to  the  district  lying  near  the  western 
coast. 

The  translation  of  the  African  node  towards  the  west  from 
1825  to  1837,  which  we  have  already  indicated,  has  been  con- 
firmed on  the  eastern  coasts  of  Africa  by  a  comparison  of  the 
inclination-observations  made  by  Panton,  in  the  year  1776, 
with  those  of  Rochet  d'Hericourt.  The  latter  observer 
found  the  magnetic  equator  much  nearer  the  Straits  of  Bab-el- 
Mandeb,  namely,  1°  south  of  the  island  of  Socotora,  in  8°  4(y 
N.  lat.  There  was,  therefore,  an  alteration  of  V  27'  lat.  for 
49  years,  whilst  the  corresponding  alteration  in  the  longitude 
was  determined  by  Arago  and  Duperrey  to  have  been  10® 
from  east  to  wast.  The  direction  of  the  secular  variation  of 
the  nodes  of  the  magnetic  equator  on  the  eastern  coasts  of 
Africa,  towards  the  Indian  Ocean,  was  precisely  similar  to 
that  on  the  western  coast.  The  quantity  of  the  motion 
must,  however^  be  ascertained  from  much  more  accurate 
results  than  we  at  present  possess. 

The  periodicity  of  the  alterations  of  the  magnetic  inclina- 
tion, whose  existence  had  been  noticed  at  a  much  earlier 
period,  has  only  been  established  with  certainty  and 
thorough  completeness  within  the  last  twelve  years,  since 
the  erection  of  British  magnetic  stations  in  both  hemispheres. 

"  Duperrey,  in  the  Oompies  renditt,  t.  aodi,  1846,  pp.  804—806. 


MAGNETIC  XirOLINATION.  107 

Ara^  to  whom  the  theory  of  magnetkBi  10  so  largely  in- 
debted, had  indeed  recognised,  in  the  f^^tumz^  of  18^7,  ^'  that 
the  dip  was  greater  at  9  a.m.  than  at  6  p.m«^  whilst  the  inten- 
sity of  the  magnetic  force,  when  measured  by  the  oscilla- 
tions of  a  horizontal  needle,  attained  its  minimum  in  the 
first,  and  its  maximum  in  the  second  period."'*    In  the 

*^  la  a  letter  from  Arago  to  myseH,  dated  Uxjenoe,  IZHx  of  Decem- 
ber, 1827,  he  writes  as  follows : — *'I  have  definitely  proved  duriiig  the 
late  Aurors9  boreales,  which  have  been  seen  at  Paris,  that  this  pheno- 
menon is  always  accompanied  by  a  variation  in  the  position  of  the  hori- 
zontal and  dipping  needles,  as  well  as  in  intensity.  The  changes  of 
inclination  have  amounted  to  7*  or  8^  To  effect  this  change,  tStesr 
4kUowing  for  every  change  of  int6nsity»  the  hoiizcNatal  needle  must 
oscillate  more  or  less  rapidly,  according  to  the  time  at  which  the  obser- 
vation is  made,  but  in  correcting  the  results  by  calculating  the  imme- 
diate effecte  of  the  inclination,  there  still  remained  a  sensible  variation 
of  intensity.  On  repeating  by  a  new  method  the  diurnal  observation  of 
inclination,  on  which  I  was  engaged  during  your  late  visit  to  Paris,  I 
found  a  regular  variation,  not  for  the  means  but  for  each  da^^  which 
was  greater  in  the  morning  at  nine  than  in  the  evening  at  six.  Tou 
are  aware  that  the  intensity,  meobswred  mth  the  horizontal  needle,  is  on 
the  contrary  at  its  minvmvm  at  the  first  period,  while  it  attains  ite 
ftuixvmum  between  six  and  seven  in  the  evening.  The  total  variation 
.being  very  small,  one  might  suppose  that  it  was  merely  due  to  a 
change  of  inclination ;  and,  indeed,  the  greatest  portion  of  the  appareiU 
variation  of  intensity  depends  upon  the  diurnal  alteration  of  the  hori- 
zontal component,  but,  when  every  correction  has  been  made,  there 
43tLll  remains  a  small  quantity  as  an  indication  of  a  real  variatum  of  in- 
.tensity.**  In  another  letter,  which  Arago  wrote  to  me  from  Paris  on  the 
20th  of  March,  1829,  shortly  before  my  Siberian  expedition,  he  expressed 
himseU  as  follows : — "  I  am  not  surprised  that  you  should  have  found 
it  difficult  to  recognise  the  diurnal  change  of  inclination,  of  which  I 
have  already  spoken  to  you,  in  the  winter  months,  for  it  is  only  during 
.the  wanner  portions  of  the  year  that  this  variation  is  sufficiently  sen- 
sible to  be  observed  with  a  lens.  I  would  stiU  insist  upon  the  fact, 
that  changes  of  inclination  are  not  sufficient  to  explain  the  change  of 
iQtensity,  deduced  from  the  observation  of  a  horizontal  needle.  An 
augmentation  of  temperature,  all  other  circumstances  remaining  the 
same,  retards  the  oscillations  of  the  needles.  In  the  evening,  the  tem- 
perature of  my  horizontal  needle  is  always  higher  than  in  the  morning ; 
hence  the  needle  m/utt  on  that  Oiccount  make  fewer  oscillations  in  a  given 
time  in  the  evening  than  in  the  morning;  in  fact  it  osciUates  more  fre- 
quently than  we  can  account  for  by  the  change  of  inclination^  and  hence 
there  must  be  a  real  aMgrnentaiion  of  intensity  from  morning  till  evening 
in  the  terrestrial  magnetic  force."  Later  and  more  numerous  observa- 
tions at  Greenwich,  Berlii]^  St.  Petersbuiig,  Toronto,  and  Hobarton, 
have  confirmed  Arago's  assertion  (in  1827)  that  the  horizontal  intensity 
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British  magnetic  stations  this  opposition  and  the  periodicity 
of  the  horary  variation  in  the  dip  have  been  firmly  estab- 
lished by  several  thousand  regularly  prosecuted  observations, 
which  have  all  been  submitted  to  a  careful  discussion  since 
1840.  The  present  would  seem  the  most  fitting  place  to 
notice  the  &cts  that  have  been  obtained  as  materials  on 
which  to  base  a  general  theory  of  terrestrial  magnetism. 
It  must,  however,  first  be  observed,  that  if  we  consider  the 
periodical  variations  which  are  recognised  in  the  three  ele- 
ments of  terrestrial  magnetism,  we  must,  with  Sabine,  dis- 
tinguish in  the  turning  hours  at  which  the  maxima  or 
minima  occur,  two  greater,  and  therefore  more  important,  ex- 
tremes, and  other  dight  variations,  which  seem  to  be  inter- 
calated amongst  the  others,  as  it  were,  and  which  are  for  the 
most  part  of  an  irregular  character.  The  recurring  move- 
ments of  the  horizontal  and  dipping  needlesf,  as  well  as  the 
variation  in  the  intensity  of  the  total  force,  consequently 
present  principal  and  secondary  maxima  or  minima,  and 
generally  some  of  either  type,  which  therefore  constitutes  & 
double  progression  with  four  turning  hours  (the  ordinary 
case),  and  a  simple  progression  with  two  turning  hours,  that 
is  to  say,  with  a  single  maximum  and  a  single  minimum. 
Thus,  for  instance,  in  Van  Diemen's  Land,  the  intensity  or 
total  force  exhibits  a  simple  progression,  combined  with  a. 

waa  greater  in  the  evening  than  towards  morning.  At  Greenwich  the 
principal  maximum  of  the  horizontal  force  was  about  6  p.m.,  the  priQ> 
cipal  minimnm  about  10  A.M.  or  at  noon ;  at  Schulzendorf,  near  BerliD^ 
the  maximum  falb  at  8  F.M.,  the  minimum  at  9  a.m.;  at  St.  Petersburg 
the  max.  Mia  at  8  F.M.,  the  tnin.  at  llh.  20m.  a.m.  ;  at  Toronto  thei 
max.  falls  at  4  p.m.,  the  min.  at  11  a.m.  The  time  is  always  reo 
koned  according  to  the  true  time  of  the  respective  places  (Airy,  Magn^ 
Observ.  at  Greenwich  for  1845,  p.  13 ;  fwr  1846,  p.  102 ;  f&r  1847,  p.  241; 
Bless  and  Moser,  in  Poggend.  Annalen,  Bd.  xix,  1830,  s.  175  ;  Kupffer, 
Compte  rendu  Annuel  de  V  Observatoire  Centrale  Magn,  de  St.  Pitersb^ 
1862,  p.  28;  and  Sabine,  Magn.  Observ,  at  Toronto,  voL  i,  1840—1842, 
p.  xlii).  The  turning  hours  at  the  Cape  of  Qood  Hope  and  at  St.  Helena, 
where  the  horizontal  force  is  the  weakest  in  the  evening,  seem  to  b& 
singularly  at  variance,  and  almost  the  very  opposite  of  one  another 
(Sabine^  Magn,  Oba.  at  the  Cape  of  Qood  Hope,  p.  xl,  at  St.  Selena, 
p.  40).  Such,  however,  is  not  the  case  further  eastward,  in  other  parts 
of  the  great  southern  hemisphere.  ''  The  principal  featmre  in  the 
diurnal  change  of  the  JiorieontaZ  force  at  Hobarton  is  the  decrease  of 
force  in  the  forenoon  and  its  subsequent  increase  in  the  afternoon'* 
(Sabine,  Magn.  Obs.  at  ffoharton,  voL  i,  p.  liy.  voL  ii,  p.  xliii). 
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double  progression  of  the  inclination,  while  at  one  part  of 
the  northern  hemisphere,  which  corresponds  exactly  with 
the  position  of  HobMton,  namely,  Toronto,  in  Canada,  both 
the  elements  of  intensity  and  inclination  exhibit  a  double 
progression.^  At  the  Cape  of  Good  Hope  there  is  only  one 
maximum  and  one  minimum  of  inclination.  The  horary 
periodical  variations  of  the  magnetic  dip  are  as  follows : — 

I.  Northern  Hemisphere^ 

Greenwich  :  Maxim.  9  a.m.  ;  minim.  3  p.m.  (Airy,  Olserv, 
m  1845,  p.  21 ;  in  1846,  p.  113  ;  in  1847,  p.  247).  Inclin. 
in  the  last  named  year  about  9.  a.m.  on  an  average  68**  59'  3", 
but  at  3  P.M.  it  was  68°  58'  6".  In  the  monthly  variation, 
the  maximum  falls  between  April  and  June  and  the  mini- 
mum between  October  and  December. 

Paris :  Maxim.  9  a.m.  ;  minim.  6  p.m.  This  simple  pro- 
gression from  Paris  and  Greenwich  is  repeated  at  the  Cape 
of  Good  Hope. 

St.  Petersburg :  Maxim.  8  A.M.;  minim.  10  p.m.  Varia- 
tion of  the  inclination  the  same  as  at  Paris,  Greenwich,  and 
Pekin ;  less  in  the  cold  months,  and  the  maxima  more  closely 
dependent  on  time  than  the  minima. 

Toronto :  Principal  maxim.  10  A.M. ;  principal  minim. 
4  P.M. ;  secondary  maxim.  10  p.m.;  secondary  minim.  6  a.m. 
(Sabine,  Tor.  1840—1842,  vol.  i,  p.  Ixi) 

II.  ^Southern  Semiaphere. 

Hobarton,  Van  Diemen's  Land :  principal  minim.  6  A.M.; 
principal  maxim.  11. 30.  a.m.  j  secondary  minim.  5  p.m.  ;  second- 
ary maxim.  10  P.M.  (Sabine,  jHbJ.,  vol.  i,  p.  Ixvii.)  The  incli- 
nation is  greater  in  the  summer  when  the  sun  is  in  the  southern 
zodiacal  signs,  70°  3 6'.  74  ;  it  is  smaller  in  winter  when  the 
sun  is  in  the  northern  signs,  70°  34^66.  The  annual  mean 
taken  from  the  observations  of  six  years  gives  70°  36'.01. 
(Sabine,  Soh,,  vol,  ii,  p.  xliv.)  Moreover  the  intensity  at 
Hobarton  is  greater  from  October  to  February  than  from 
April  to  August,  p.  xlvi. 

Cape  of  Good  Hope  :  Simple  progression,  the  minim,  being 
0  h.  34  m.  P.M. ;  maxim.  8  h.  34  m.  p.m.,  with  an  exceedingly 

^  Sabine,  Eoha/rtim,  toI.  i,  pp.  Izvii,  hdx. 
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small  intenaiediate  variation  between  7  and  9  A.tf.  (Sabine, 
Cape  Ohs.  1841—1850,  p.  liii.) 

The  phen<»n^aa  of  the  taming  hours  of  the  maximum  of 
the  inclinations  expressed  in  the  time  of  the  plaoe,  fall  with 
remarkable  re^arity  between  8  and  10  a.ic.  for  places  iu 
the  northern  hemisphere,  such  as  Toronto,  Paris,  Gre^iwich, 
and  St.  Pet^*sbu]^,  whilst  in  like  manner  the  minima  of  the 
turning  hours  all  fell  in  the  afternoon  or  evening,  although 
not  within  equally  narrow  limits  (at  4,  6,  and  10  p.m.).  It  is 
so  much  the  more  remarkable,  that  in  the  course  of  very 
accurate  observatione  made  at  Greenwich  during  five  years 
there  was  one  year,  1845,  m  which  the  epochs  of  the  maxima 
and  minima  were  reversed.  The  annual  mean  of  the  in- 
clinations tras  for  9  A.M. :  68°  56'.8,  and  for  3  p.m.:  68°  58'.  1. 

When  we  compare  together  the  stations  of  Toronto  and 
Hobarton,  which  exhibit  a  corresponding  geographical  posi- 
tion on  either  side  of  the  equator,  we  find  that  there  is  at 
Hobarton  a  great  difference  in  the  turning  hours  of  the  prin- 
cipal minimum  of  inclination  (at  4  o'clock  in  the  afternoon 
and  6  o*<^ock  in  the  morning),  although  such  is  not  the  case 
in  the  turning  hours  of  the  principal  maximum  (10  and 
11.30  a  m.).  The  period  of  the  principal  mJTiinmTn  (6  a.m.)  at 
Hobarton  coincides  with  that  of  the  secondary  minimum  at 
TDrontOw  The  principal  and  secondary  maxima  occur  at 
both  places  at  the  some  hours,  between  10  and  11.  30  a.  m. 
and  10  P.M.  The  four  turning  hours  of  the  inclination  occur 
almost  precisely  the  same  at  Toronto  as  at  Hobarton,  only 
in  a  reversed  order  (4  or  5  p.m.,  10  p.m.,  6  A.M.,  and  10  or 
11.  30  A.M.)  This  complicated  effect  of  the  internal  terres- 
trial force  is  very  remarkable.  If,  on  the  other  hand,  we 
compare  Hobarton  and  Toronto  in  respect  to  the  order  in 
which  the  turning  hours  of  the  alterations  of  intensity  and 
inclination  occur^  we  shall  find  that  at  the  former  place  in 
the  southern  hemisphere  the  minimum  of  the  intensity 
follows  only  2  hours  after  the  principal  minimnTn  of  the 
inclination,  whilst  the  delay  in  the  maximum  amounts  to 
6  hours,  while  in  the  northern  hemisphere,  at  Toronto,  the 
minimum  of  intensity  precedes  the  principal  maximum  of 
inclination  by  8  hours,  whilst  the  maximum  of  int^isity 
differs  only  by  2  hours  from  the  minimum  of  inclination.** 

^  Total  intensity  <it  HobdrtOD,  max.  &h.  SOm.  PM.,  min.  8h.  80m,  a.m.; 
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The  periodicity  of  inciination  at  the  Gape  of  Good  Hope 
does  not  coincide  with  that  at  Hobarton,  which  lies  in  the 
same  hemisphere,  nor  with  any  one  point  of  the  northern 
hemisphere.  The  minimum  of  inclination  is  indeed  reached 
at  an  hour  at  -which  the  needle  at  Hobarton  has  very  nearly 
reached  the  maximum. 

For  the  determination  of  the  secular  variation  of  the 
inclination,  it  is  necessary  to  have  a  series  of  observations 
that  have  not  only  been  conducted  with  extreme  accuracy^ 
but  which  have  likewise  extended  over  long  intervals  of  time. 
Thus  for  instance,  we  cannot  go  with  certainty  as  far  back 
as  the  time  of  Cook's  voyages,  for  although  in  his  third 
expedition  the  poles  were  sdways  reversed,  we  frequently 
observe  differences  of  40'  to  55'  in  the  observations  of  this 
great  navigator  and  oi  Bayley  on  the  Pacific  Ocean,  a  dis- 
crepancy which  may  very  probably  be  refi^red  to  the  imper- 
fect construction  of  the  magnetic  needle  at  that  time,  and  to 
the  obstacles  which  then  prevented  its  free  motion.  Por 
London  we  scarcely  like  to  go  furth^  back  than  Sabine's 
observation  of  August  182 1^  which  compared  with  the 
admirable  determination  made  by  himself,  Sir  James  Boss 
and  Fox  in  May  1838,  yielded  an  annual  decrease  of  2',7B, 
whilst  lioyd  with  equally  accurate  instruments,  but  in  a 
sh(Hiier  interval  of  time,  obtained  at  Dublin,  the  very  accord- 
ant result  of  2'.d8.''  At  Paris,  where  the  annual  diminution 
of  inclinfttion  is  likewise  on  the  decrease,  this  diminution  is 
greater  than  in  London.  The  very  ingenious  methods  sug- 
gested by  Coulomb  for  determining  the  dip,  had  indeed  led 
their  inventor  to  incorrect  results.  The  first  observation 
which  was  made  with  one  of  Le  Noir's  perfect  instruments 
at  the  Paris  ObBervatory>  belongs  to  the  year  1798.  At  that 
time  I  found,  after  often  repeating  the  experiments  conjointly 
with  the  Chevalier  Borda  69®  51' ;  in  the  year  1810,  in  con- 
junction with  Arago,  1  found  68°  50'. 2,  and  in  the  year 
.1826,  with  Mathieu,  67°56'.7.  In  the  year  1841,  Arago 
found  67°  9'y  and  in  the  year  1851,  Laugier  and  Mauvais 

at  Toronto,  pdneipal  aaaz.  6  p.m.,  [Hrmcipiil  min.  2  a.ic.,  mconduy  max. 
8  A.M.,  secondary  mib.  10  a.m.  See  Sabine,  ToroiUo,  voL  i,  pp.  lii,  Ixii, 
Mid  ffofHiriim,  Tol  i,  p.  Iztiii* 

V  Sabine,  Stport  <m  the  ImnMnal  und  I99c^fnam4e  Lina  tn  Oi4  BritUk 
lOtmds^  1630,  pp.  61^  ed. 
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found  66^  35^ :  all  these  observers  adopting  similar  methods 
and  using  similar  instruments.  This  entire  period  which 
extends  over  more  than  half  a  century  (from  1798  to  1851) 
giyes  a  mean  annual  diminution  of  the  inclination  at  Paris 
of  3^69.     The  intermediate  periods  stood  as  follows : — 


Erom  1798—1810  at     . . 

. .     5'.08 

1810—1826 

..     3.37 

1826     1811 

..     3.13 

1841—1851 

..     3.40 

The  decrease  between  1810  and  1826  has  been  strikingly, 
though  gradually  retarded ;  for  an  observation  which  Gay- 
Lussac  made  with  extreme  care  (69°  12')  after  his  return  in 
1806  from  Berlin,  whither  he  had  accompanied  me  after  our 
Italian  expedition,  gave  an  annual  diminution  of  4'.  87  since 
1798.  The  nearer  the  node  of  the  magnetic  equator  approaches 
to  the  meridian  of  Paris  in  its  secular  progression  &om  east 
to  west,  the  slower  seems  to  be  the  decrease,  ranging  in  half 
a  century  from  about  5',08  to  3'.40.  Shortly  before  my 
Siberian  expedition  in  April  1829, 1  laid  before  the  Academy 
of  Berhii,  a  memoir,  in  which  I  had  compared  together  the 
different  points  observed  by  myself,  and  which  I  believe  I 
may  venture  to  say,  had  all  been  obtained  with  equal  care.*® 
Sabine  more  than  25  years  after  me  measured  the  inclination 
and  intensity  of  the  magnetic  force  at  the  Havanah,  which  in 
respect  to  these  equinoctial  regions,  affords  a  very  considerable 
interval  of  time,  while  he  also  determined  the  variation  of 
two  important  elements.  Hansteen,  in  1831,  gave  the 
result  of  his  investigations  of  the  annual  variatiou  of  the 
dip  in  both  hemispheres,''  in  a  veiy  admirable  work  which 
is  of  a  more  comprehensive  nature  than  my  own. 

33  Humboldt,  in  Poggend.  Armaien,  Bd.  zv,  s.  819—336,  Bd.  ziz, 
B.  357 — 391,  and  in  the  Voyage  aux  lUgions  Equinox,  t.  iii,  pp.  616 — 
626. 

®  Hansteen,  Ueberjahrliche  Ver&ndertmg  der  Inclination,  in  Poggend. 
Ann.  Bd.  zxi,  s.  403—429.  Compare  also,  on  the  influence  of  the  pro- 
gression of  the  nodes  of  the  magnetic  equator,  Sur  David  Brewster, 
Treatise  on  Magnetism,  p.  247.  As  the  great  number  of  observations 
made  at  different  stations  have  opened  an  almost  inezhaustible  field  of 
inquiry  in  this  department  of  special  investigation,  we  are  constantly 
meeting  with  new  complications  in  our  search  for  the  laws  by  which 
these  forces  are  controlled.    Thus,  for  instance,  in  the  coarse  of  a  series 
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Althongli  Sir  Edward  Belcher's  observations  for  the  year 
1838,  when  compared  with  those  I  made  in  1803  (see  p.  73), 
along  the  Western  Coast  of  America,  between  Lima,  Guaya- 
quil, and  A  capulco,  indicate  considerable  alterations  in  the 
inclination  (and  the  longer  the  intermediate  period  the 
greater  is  the  value  of  the  results),  the  secular  variation  of 
the  dip  at  other  points  of  the  Pacific  has  been  found  to  be 
strikingly  slow.  At  Otaheite,  Bayley  found  in  1773,  29°  43' 
and  Pitzroy  in  1835, 30°  14',  whilst  Captain  Belcher  in  1840, 
again  found  30°  17',  and  hence  the  mean  annual  variation 
scarcely  amounted,  in  the  course  of  67  years,  to  0'.51.**  A 
very  careful  observer,  Sawelieff,  found  in  Northern  Asia, 
22  years  after  my  visit  to  those  regions,  in  a  journey  which 
he  made  from  Casan  to  the  shores  of  the  Caspian  Sea,  that 
the  inclination  to  the  north  and  south  ol  the  parallel  of  50° 
had  varied  very  irregularly.** 

Humboldt.  Sawelie& 

1829.  1851. 

Casan     ..     68«  26'.7  ..  ..     68°  30'.8 

Saratow..     64  40.9  ..  ..64  48.7 

Sarepta..     62   15.9  ..  ..62   39.6 

Astrachan     59   58.3  ..  ..60  27.9 

For  the  Cape  of  Good  Hope  we  now  possess  an  extended 
series  of  observations,  which  if  we  do  not  go  further  back 
than  from  Sir  James  Boss  and  du  Petit  Thenars  (1840)  to 
Vancouver  (1791),  may  be  regarded  as  of  a  very  satisfactory- 
nature  in  respect  to  the  variation  of  the  inclination  for  nearly 
half  a  century.** 

of  BuccessiTe  years  we  see  that  the  dip  passes  in  one  of  the  tumiDg  hours 
— that  of  the  maximum  from  a  decrease  to  an  absolute  increase,  whilst 
in  the  tumiug  hour  of  the  minimum,  the  progressive  annual  decrease 
continued  the  same.  Thus,  at  Greenwich,  the  magnetic  inclination  in 
the  maximum  hour  (9  a.m.)  decreased  in  the  years  1844  and  184  5, 
while  it  increased  at  the  same  hour  from  1845  to  1840,  and  continued 
in  the  turning  hour  of  the  minimum  (3  f.m.)  to  decrease  from  1844  to 
1846  (Airy,  Magn.  Ohserv,  at  Gfreenwich,  1846,  p.  113). 

«  Phil  Tramact.for  1841,  pt.  i,  p.  36. 

^  Compare  Sawe]iefif,in  the  BtUletm  Physico-MathSmatiquedeFAcad^ 
Imp.  de  St.  P^tertb.  t.  x,  No.  219,  with  Humboldt^  Asie  Omtr.  t.  ill, 
p.  440. 

*^  Sabine,  Magn.  Obterv.  at  the  Cape  of  Good  ffope,  vol.  i,  p.  Ixy.  If 
we  may  trust  to  the  observations  made  by  LacaiUe  for  the  year  1751, 

VOL,  V.  I 
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The  solution  of  the  question  1?frhether  the  elevation  of  the 
soil  does  in  itself  exert  a  perceptible  influence  on  magnetic 
dip  and  intensity,"  was  made  the  subject  of  very  careful 
investigation  during  my  mountain  journeys  in  the  chain  of 
the  Andes,  in  the  Ural,  and  Altai.  I  have  already  observed, 
in  the  section  on  Magnetic  Intensity,  how  very  few  localities 
were  able  to  afiTord  any  certainty  as  to  this  question,  because 
the  distance  between  the  points  to  be  compared  together 
must  be  so  small  as  to  leave  no  ground  for  suspecting  that 
the  difference  found  in  the  inclination  may  be  a  consequence 
of  the  elevation  of  the  soil,  instead  of  the  result  of  the  cur- 
vature of  the  isodynamic  and  isoclinal  lines,  or  of  some  great 
peculiarity  in  the  composition  of  the  rocks.  I  will  limit 
myself  to  the  four  results  which  I  thought  at  the  time  they 
were  obtained,  showed  more  decisively  than  could  be  done 
by  observations  of  intensity,  the  influence  exerted  by  eleva- 
tion in  diminishing  the  dip  of  the  needle. 

The  Silla  de  Caracas,  which  rises  almost  vertically  above 
La  Guayia,  and  8638  feet  above  the  level  of  the  sea,  south 
of  the  coast  but  in  its  immediate  vicinity  and  north  of  the 
town  of  Caracas,  yielded  the  inclination  of  41*^.90 ;  La 
Guayra,  elevation  10  feet,  inclination  42°:  20 ;  the  town  of 
Caracas,  height  above  the  shores  of  the  Rio  Guayre,  2648 
feet,  inclination  42^.95.  (Humboldt,  Voi/,  aux  Beg.  B^ui- 
nox.,  t.  i,  p.  612.) 

Santa  F6  de  Bogota:  elevation  8735  feet,  inclination 
27°.15  ;  the  chapel  of  Kuestra  Sefiora  de  Guadalupe,  built 
upon  the  projeoting  edge  of  a  rock,  elevation  10,794  feet,  in- 
clination 26°.80. 

Popayan  :  elevation  5825  feet,  inclination  23°,25 ;  moun- 
tainous village  of  Purace  on  the  declivity  of  the  volcano, 
elevation  8671  feet,  inclination  21°.80  ;  summit  of  the  vol^ 
cano  of  Purace,  elevation  14,548  feet,  inclination  20°.30. 

Quito :  elevation  9541,  inclination  14°.85  ;  San  Antonio 
de  Lnlumbamba,  where  the  geographical  equator  intersects 

who,  indeed,  always  reversed  the  poles,  but  who  made  his  observations 
with  a  needle  whioh  did  not  move  freely^  it  follows  that  there  has  been 
an  increase  in  the  inclination  at  the  Cape  of  Good  Hope  of  S^'.OS  in 
89  years ! 

^  Arago,  in  the  Annumrt  du  Burets  ^  Zong^pmr  ia25,  pp.  285 
■"—28  8. 
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tlie  torrid  valley,  elevation  of  the  bottom  of  the  valley  8153 
feet,  inclination  16°.  02.  (All  the  abovernamed  inclinations 
have  been  expressed  in  decimal  parts  of  a  d^ree.) 

It  might  perhaps  be  deemed  tmnecessary,  considering  th^ 
extent  of  the  relative  distances  and  the  influence  of  the^ 
neighbouring  kinds  of  rock,^  for  me  to  enter  fully  into  the 
details  of  the  following  observations :  the  Hospice  of  Bt. 
Gotthard,  7087  feet,  inclinaticm  ed"*  12' ;  compared  vrith 
Airolo,  elevation  3727  feet,  inclination  66""  54'^  and  Altorf, 
inclination  66°  55^ ;  or  to  notice  the  apparently  contradictory 
data  yielded  by  Lans  le  Bourg,  inclination  66°  9^,  the  Hospice 
of  Mont  Cezns^  6676  feet,  incHnation  66''  22',  and  Tnrm  754 
feet,  inclination  66°  3';  or  by  Naples,  Portici  and  the  margin  of 
the  crater  of  Yesuvius;  or  by  the  summit  of  the  Great  Mili- 
flchauer  (Fhonolith)  inclination  67°  53^5,  Teplitz  inclination 
67°  19^.5,  and  Prague  inclination  66°47'.6.**  Simultaneously 
with  the  series  of  admirable  comparative  observations  pu1>* 
lished  with  the  fullest  details  of  the  horizontal  intensity^ 
which  were  made  in  1844  by  Bravais,  in  conjunction  with 
Martins  and  Lepileur,  and  compared  at  35  stations,  indud* 
ing  the  summits  of  Mont  Blanc  (15,783  leet),  of  the  Great  St. 
Bernard  (8364  feet),  and  of  the  Faulhom  ^87 12  feet),  the 
abovernamed  physicists  made  a.  series  of  inclination  expert- 
ments  on  the  grand  plateau  of  Mont  Bknc  (12,893  feet),  and 
«t  Chamouni  (3421  feet).  Although  the  comparison  of  titeee 
results  showed  that  the  elevation  of  the  soil  exerted  an  i&p 
fluence  in  diminishing  the  magnetic  inclination,  observations 
•made  at  the  Faulhom  and  at  Brienz  (1870'  ISset  in  eleva- 
tion) showed  the  opposite  result  of  the  inclination  incndasing 
with  tiie  height.  JJie  different  investigations  on  hot^ontal 
iortensil^  and  inclination  failed  to  yi^d  any  satidactoiy 
solutieit  of  the  problem,  (Bravais^  8ttr  VlmiaMitd  d»  Ma^ 
nefisme  Terresii^  en  Fram^y  en  Sutsse,  et  en  Savaie,  in  the 
Jtnnales  de  Chinde  et  de  Pkifsique,  3hxie  s^e,  t.  xviii,  1846, 
p,  225.}    In  a  manuscript  report  by  Borda  of  his  expedition 

.  ^  I  wvold  agMff  lepeat  that  all  the  Earopean  obterrationft  of  lai^ 
-aafcioBi  wfanh  faarve  been  grren  iik  thi»  page  have  bees  veekoned  aeoovdw; 
to  i^dknMOB  of  I3ift  eimle  into  360  pavts,  audit  k  only  In  tfaoM  obsev^ 
.fatiens  of  inclinatiDiK  which  I  made  myself  before  the  month  of  Juna^ 
1804^  m  Urn  IfewOontdaent^  thait  the  e^tesunal  diviaioB  of.  the  arc  has 
^wmtadkHWiAttt  (yajfi.  «mx  ^miw  JS^iiiie«>  t.^  iii,,  ]N^.  015--^23)r 
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to  the  Canaiy  Islands,  in  the  year  1776,  which  is  preserved 
at  Paris  in  the  J)ep6t  de  la  Marine,  and  which  I  have  been, 
enabled  to  constdt  through  the  obliging  courtesy  of  Admiral 
Bosily,  I  have  discovered  that  Borda  was  the  first  who  made 
an  attempt  to  investigate  the  influence  of  a  great  elevatioiv 
on  the  inclination.  He  found  that  the  inclination  was  1°  15' 
greater  at  the  summit  of  the  Peak  of  Tenerifle  than  in  the 
harbour  of  Santa  Cruz,  owing  undoubtedly  to  the  local 
attractions  of  the  lava,  as  I  have  often  observed  on  Vesuvius 
and  different  American  volcanoes.  (Humboldt^  Foy.  aua^ 
Beqions  JSqumox,,  t.  i,  pp.  116,  277,  288.) 

in  order  to  try  whether  the  deep  interior  portions  of  the 
body  of  the  earth  influence  magnetic  inclination  in  the  same 
manner  as  elevations  above  the  surface,  I  instituted  an  ez- 
periment  during  my  stay  at  Ereiberg,  in  July  1828,  with  all 
the  care  that  I  could  bestow  upon  it,  and  with  a  constant 
inversion  of  the  poles  \  when  I  found  after  very  careful  in- 
vestigation that  the  neighbouring  rock,  which  was  composed 
of  gneiss,  exerted  no  action  on  the  magnetic  needle.  The 
depth  below  the  surface  was  854  feet,  and  the  diflerence 
between  the  inclination  of  the  subterranean  parts  of  the 
mine  and  those  points  which  lay  immediately  above  it,  and 
even  with  the  surface,  was  only  2^.06  ;  but  considering  the 
care  with  which  my  experiments  were  made,  I  am  inclined 
to  think  from  the  results  given  for  each  needle,  as  recorded  ia 
the  accompanying  uote^^  that  the  inclination  is  greater  in 

^  In  the  Churprinz  mine  at  Freiberg,  in  the  mountains  of  Saxony, 
the  subterranean  point  was  138^  fathoms  deep,  and  was  observed  with 
Freiesleben  and  Belch  at  2^  p.m.  (temperature  of  the  mine  being 
60*.08  R).  The  dipping  needle  A  showed  67*  37'.4,  the  needle  B 
67*"  32'.7,  the  mean  of  both  needles  in  the  mine  was  67*"  85^.05.  In  the 
open  air,  at  a  point  of  the  surface  which  lies  immediately  above  the 
point  of  subterranean  observation,  the  needle  A  stood  at  11  A.M.  at 
67''  88'.87  and  the  needle  B  at  67''  32M2.  The  mean  of  both  needles 
in  the  upper  station  was  67''  32^99,  the  temperature  of  the  air  being 
60^44  F.,  and  the  difference  between  the  upper  and  lower  result 
2'.06.  The  needle  A,  which,  as  the  stronger  of  the  two,  inspired  me 
with  most  confidence,  gave  even  3'.53,  whilst  the  influence  of  the  depth 
remamed  almost  inappreciable  when  tiie  needle  B  only  was  used  (Hum- 
boldt, in  Poggend.  Amud,  Bd.  xv,  s.  326).  I  have  already  described  in 
detail,  and  elucidated  by  examples,  in  Asie  Centr.  t.  iii,  pp.  465 — 167, 
the  uniform  method  which  I  have  always  employed  in  reading  tiie 
azimuth  circle  in  ordev  to  find  the  magnetic  meridian  by  corresponding 
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the  OhuTprinz  mine  than  on  the  surface  of  the  monntaiu. 
It  would  be  very  desirable  if  opportunities  were  to  present 
themselves  in  cases,  where  there  is  evidence  that  the  rock 
has  not  exerted  any  local  influence  on  the  magnet,  for  care-, 
iiilly  repeating  my  experiments  in  mines,  in  which,  like  those 
of  Yalenciana  near  Guanaxuato  in  Mexico,  the  vertical 
depth  is  1686  feet  j  or  in  English  coal  mines  nearly  1900. 
feet  deep^  or  in  the  now  closed  shaft  at  Kuttenberg  in. 
Bohemia,  3778  feet  in  deptL** 

After  a  violent  earthquake  at  Cumana  on  the  4th  of 
I^ovember,  1799, 1  found  that  the  inclination  was  diminished 
0°.90,  or  nearly  a  whole  degree.  The  circumstances  under 
"which  I  obtained  this  result,  and  which  I  have  elsewhere 
fiiUy  described,^^  afford  no  sufficient  ground  for  the  suspi<» 
<aon  of  an  error  in  the  observation.  Shortly  after  my  arrival 
at  Cumana  I  found  that  the  inclination  was  43^53.  A  few. 
days  before  the  earthquake,  I  was  induced  to  begin  a  long 
series  of  carefully  conducted  observations  in  the  harbour  of 
Cumana,  in  consequence  of  having  accidentally  noticed  a 
statement  in  an  otherwise  valuable  Spanish  work,  Mendoza's 
Tratado  de  Navegacion,  t.  ii,  p.  72,  according  to  which  it 
was  erroneously  asserted  that  the  hourly  and  monthly 
alterations  of  inclination  were  greater  than  those  of  varia- 
tion. I  found  between  the  1st  and  2nd  of  November  that 
the  inclination  exhibited  very  steadily  the  mean  value  of 
43^65.  The  instrument  remained  untouched  and  properly 
levelled  on  the  same  spot,  and  on  the  7th  of  November,  and 
therefore  three  days  after  the  great  earthquake  and  when 
the  instrument  had  again  been  adjusted,  it  yielded  42°.75. 
The  intensity  of  the  force,  measured  by  vertical  oscillations 
was  not  changed.  I  expected  that  the  inclination  would 
perhaps  gradually  return  to  its  former  position,  but  it  re- 
mained stationary.   In  September,  1800,  in  an  expedition  of 

inclinations,  or  by  the  perpendicular  position  of  the  needle ;  as  also  to 
find  the  inclination  itself  on  the  yertical  circle  by  reversing  the  bearings 
of  tiie  needle  and  by  taking  the  readings  at  both  points,  before  and  after 
the  poles  had  been  reversed.  The  position  of  the  two  needles  has,  in 
each  case,  been  read  off  16  times,  in  order  to  obtain  a  mean  result. 
Where  so  small  an  amount  has  to  be  detennined,  it  is  necessary  to  enter 
fully  into  the  individual  details  of  the  observation. 

"  CosTnos,  vol.  i,  p.  148. 

^  Humboldt,  Foy.  aux  B^gioM  Equinox,  t.  i,  pp.  515 — 517. 
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more  than  2000  geographical  miles  on  the  waters  and  along 
the  shores  of  the  Orinoco  and  tile  Bio  Negro,  the  same  in- 
stramentj  which  was  one  of  Borda's,  which  I  had  constantly 
carried  with  -me,  yielded  42°<80,  showing,  thwefore^  the 
same  dip  as  before  my  joumey*  As  mechanical  disturb* 
ances  and  electrical  shocks  excite  polarity  in  soft  iron  by 
altering  its  molecular  condition,  we  might  suspect  a  connec- 
tion between  the  influences  of  the  direction  of  magnetic 
currents  and  the  direction  of  earthquakes ;  but  carefully  as 
I  observed  this  phenomenon,  of  whose  objective  reality  I 
did  not  entertain  a  doubt  in  1799,  I  have  never  on  any 
other  occasion,  in  the  many  earthquakes  which  I  experienced 
in  the  course  of  three  years  at  a  subsequent  period  in  South 
America,  noticed  any  sudden  change  of  the  inclination, 
which  I  could  ascribe  to  these  terrestrial  convulsions,  how- 
ever different  were  the  directions,  in  which  the  undulations 
of  the  strata  were  propagated.  A  very  accurate  and  ex* 
perienced  observer,  Erman,  likewise  found  that  after  an 
earthquake  at  Lake  Baikal,  on  the  8th  of  March,  1828,  there 
was  no  disturbance  in  the  declination^  «nd  its  periodic 
ehanges. 

Declination* 

We  have  already  referred  to  the  historical  fiwts  of  the 
earliest  recognition  of  those  phenomena,  which  depend  u[»on 
the  third  element  of  terrestrial  magnetism,  namely,  declina* 
tion.  The  Chinese,  as  early  as  the  12th  century  of  our  era, 
were  not  only  well  acquainted  with  the  fact  of  the  variation 
of  a  horizontal  magnetic  needle  (suspended  by  a  cotton 
thread)  from  the  geographical  meridiau,  but  they  also 
knew  how  to  determine  the  amount  of  this  variation. 
The  intercourse  which  the  Chinese  carried  on  with  the 
Malays  and  Indians,  and  the  latter  with  Arab  and 
Moorish  pilots,  led  to  the  extensive  use  of  the  manner's 
compass  amongst  the  C^oese,  Majorcans  and  Catalans,  in 
the  basin  of  the  Mediterranean,  on  the  west  coast  of  Africa^ 
and  in  high  northern  latitudes;  while  the  maps,  which  were 
Jublisheo  as  early  as  1436,  even  give  the  variation  for  dif-* 
Jarent  parts  of  the  sea.*'    The  geographical  position  of  a 

^  Erman,  Reise  v/m  die  Brde,  Bd.  li,  e.  180. 

^  See  page  62 ;  Petrue  Peregrine  informs  a  fri^d  that  he  found  tlid 
vaiiation  in  Italy  was  6*  east  ki  1299» 
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line  of  no  variaUon,  oa  which  the  needle  turns  to  the  true 
nortl]^ — the  pole  of  the  axis  of  the  earth— *vas  determined 
by  Columbus  on  the  13th  of  September,  1492,  and  it  did 
not  escape  his  notice  that  the  knowledge  o£  the  magnetic 
declination  might  serve  in  the  determination  of  geographical 
longitudes.  I  have  elsewhere  shewn,  from  the  Admiral's  log> 
that  when  he  was  uncertain  of  the  ship's  reckoning,  he 
endeavoured,  on  his  second  voyage,  April,  1496,  to  ascertain 
his  position  by  observations  of  declination.  "  The  horary 
changes  of  variation  which  were  simply  recognized  as  certain 
facts  by  Hellibrand  and  Father  Tachard,  at  Louvo,  in  Siam j 
were  circumstantially  and  almost  conclusively  observed  by 
Graham  in  1722.  Celsius  was  the  first  who  made  use  of 
these  observations  to  institute  simultaneous  ineasurements 
at  two  widely  remote  points. " 

Passing  to  the  consideration  of  the  phenomena  observed 
in  the  variation  of  the  magnetic  needle,  we  must  first  notice 
its  alterations  in  respect  to  the  different  hours  of  the 
night  and  day,  the  different  seasons  of  the  year  and  the 
mean  annual  values ;  next,  in  respect  to  the  influence  which 
the  extraordinary,  although  periodically  recurring  disturb- 
ances, and  the  magnetic  position,  north  or  south  of  the 
equator,  exert  on  these  alterations,  and  finally  in  respect  to 
the  different  lines  passing  through  the  terrestrial  points  at 
which  the  variation  is  equal,  or  even  null.  These  linear 
relations  are  certainly  most  important  in  respect  to  the  direct 

^  Humboldt,  Examen.  CrU.  de  Vffist.  de  la  Qiogr,  t.  iii,  pp.  29,  Z% 
88,  ii — 51.  Although  Herrera  (Dec,  i,  p.  23)  says  that  Columbus  had 
remarked  that  the  magnetic  variation  was  not  the  same  by  day  and 
by  night,  it  does  not  justify  us  in  ascribing  to  this  great  discoyerer  a 
knowledge  of  the  horary  variation.  The  actual  Journal  of  the  admiral, 
which  has  been  published  by  Navarrete,  informs  us  that  from  the  17th 
to  the  80th  of  September,  1492,  Columbus  had  reduced  everything  to  a 
so-called  ''unequal  movement"  of  the  polar  star  and  the  pointers 
(Guardas),  Examen,  GriU  t.  iii,  pp.  56 — 59. 

.  *^  See  pages  60,  70.  The  first  printed  observations  for  London  are 
those  by  Graham,  m  the  Phil.  Tramact.  for  1724  and  1725,  vol.  xxxiii, 
pp.  96---107  (An  Accov/nt  of  Observations  made  of  the  Horizontal  Needle 
at  London,  1722 — 1723,  by  Mr.  George  Graham).  The  change  of  thfe 
variation  depends  ''neither  upon  heat  nor  cold,  dry  or  moist  air: 
Tlie  variation  is  greatest  between  12  and  4  in  the  afternoon,  and  the 
least  at  6  or  7  in  the  evening,"  These,  however,  are  not  the  true  turning 
hours. 
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practical  application  of  their  results  to  the  ship's  reckoning, 
and  to  navigation  generally ;  but  all  the  cosmical  phenomena 
of  magnetism^  amongst  which  we  must  place  those  extraor- 
dinary and  most  mysterious  disturbances  which  often  act 
simultaneously  at  very  remote  distances  (magnetic  storms)^ 
are  so  intimately  connected  with  one  another,  that  no  single 
one  of  them  can  be  neglected  in  our  attempt  gradually  to 
complete  the  mathematical  theory  of  terrestrial  magnetism. 
In  the  middle  latitudes,  throughout  the  whole  northern 
magnetic  hemisphere,  (the  terrestrial  spheroid  being  as- 
sumed to  be  divided  through  the  magnetic  equator)  the 
north  end  of  the  magnetic  needle, — that  is  to  say,  the  end 
which  points  towards  the  north  pole, — ^is  most  closely  in  the 
direction  of  that  pole  about  8h.  15m.  a.m.  The  needle  moves 
from  east  to  west,  from  this  hour  till  about  Ih.  45m.  p.m.,  at 
which  time  it  attains  its  most  westerly  position.  This  motion 
westward  is  general,  and  occurs  at  all  places  in  the  northern 
hemisphere,  whether  they  have  a  western  variation,  as  the 
whole  of  Europe,  Pekin,  Nertschinsk  and  Toronto,  or  an 
eastern  variation,  like  Kasan,  Sitka  in  Bussian  America^ 
Washington,  Marmato  (New  Grenada),  and  Payta  on  the 
Peruvian  coast.  •*  From  this  most  westerly  point,  at 
Ih.  45m.  P.M.,  the  magnetic  needle  continues  to  retrograde 

*2  Proofs  of  this  are  afforded  by  numerous  observations  of  George 
Fuss  and  Kowanko,  at  the  observatory  in  the  Greek  convent  at  Pekioy 
by  Anikin  at  Nertschinsk,  by  Buchanan  Riddell  at  Toronto  in  Canada ; 
(all  these  being  places  of  western  variation);  by  Kupffer  and  Simonoff 
at  Kasan ;  by  Wrangel,  notwithstanding  the  many  disturbances  from 
the  Aurora  borealis  at  Sitka,  on  the  north-west  coast  of  America; 
by  Gilliss  at  Washington ;  by  Boussingault  at  Marmato,  in  South  Ame- 
rica ;  and  by  Duperrey  at  Payta,  on  the  Peruvian  shores  of  the  Pacific ; 
(all  these  being  places  with  an  eastern  variation).  I  would  here  observe 
that  the  mean  declination  was  2°  15'  42"  west  at  Pekin'  (Dec.,  1881) 
(Poggend.  Annalen,  Bd.  xxxiv,  s.  54);  4**  7' 44"  west  at  Kertschinsk 
(Sept.,  1832)  (Poggend.  Op.  Oit.  s.  61);  V  83'  west  at  Toronto  (Novem- 
ber, 1847)  (see  Observ.  at  the  MagTieticcd-  and  Meteorological  Observa/tory 
at  Toronto,  vol.  i,  p.  xi,  and  Sabine,  in  the  PhU.  Transact,  for  1851, 
pt.  ii,  p.  636),  2**  21'  east  at  Kasan  (August,  1828),  (Kupffer,  Simonoff, 
and  Erman,  Reise  urn  die  Erde,  Bd.  ii,  s.  632);  28**  16'  east  at  Sitka 
(November,  1829)  (Erman,  Op.  Cit.  a.  546);  6°  33'  east  at  Marmato 
(August,  1828),  (Humboldt,  in  Poggend.  Annalen,  Bd.  xv,  s.  331);  8*56' 
east  at  Payta  (August,  1823),  (Duperrey,  in  the  Con/naisaance  des  Temps 
pour  1828,  p.  252).  At  Tiflis  the  declination  was  westerly  from  7  A.M. 
till  2  P.M.  (Parrot,  Reise  zum  Ararat,  1834,  Th.  ii,  s.  58). 
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towards  the  east  throagKout  the  whole  of  the  afternoon  and 
a  portion  of  the  night  till  midnight,  or  1  A.H.,  while  it  often 
makes  a  short  pause  about  6  p.m.  In  the  night  there  is  again 
a  slight  movement  towards  the  west,  until  the  minimum  or 
eastern  position  is  reached  at  8h.  15m.  a.m.  This  nocturnal 
period  which  was  formerly  entirely  overlooked^  since  a  gradual 
and  uninterrupted  retrogression  towards  the  east  between 
Ih.  45m.  P.M.  and  8h.  15m.  a.m.  was  assumed,  had  already 
been  carefully  studied  by  me  at  Rome,  when  I  was  engaged 
with  Qay-Lussac  in  observing  the  horary  changes  of  variation 
with  one  of  Prony's  magnetic  telescopes.  As  the  needle  is 
generally  unsteady  as  long  as  the  sim  is  below  the  horizon, 
the  small  nocturnal  motion  westward  is  more  seldom  and 
less  distinctly  manifested.  At  those  occasions  when  this 
motion  was  Nearly  discernible.  I  never  saw  it  accompanied 
by  any  restlessness  of  the  needle.  The  needle,  during  this 
imiall  western  period,  passes  quietly  from  point  to  point  of 
the  dial,  exactly  in  the  same  manner  as  in  the  reliable  diurnal 
period,  between  8h.  15m.  A.M.  and  Ih.  45m.  p.m.,  and  very  dif- 
ferently from  the  manner  in  which  it  moves  during  the 
occurrence  of  the  phenomenon  which  I  have  named  a  mag- 
netic storm.  It  is  very  remarkable  that  when  the  needle 
changes  its  continuous  western  motion  into  an  eastern  move- 
ment, or  conversely,  it  does  not  continue  unchanged  for  any 
length  of  time,  but  it  turns  round  almost  suddenly,  more 
especially  by  day,  at  the  above-named  periods,  8h.  15m.  a.m. 
and  Ih.  45m.  p.m.  The  slight  motion  westward  does  not 
commonly  occur  imtil  after  midnight  and  towards  the  early 
morning.  On  the  other  hand,  it  has  been  observed  at  Berlin, 
and  during  the  subterranean  observations  at  Freiberg,  as  well 
as  at  Greenwich,  Makerstoun  in  Scotland,  Washington  and 
Toronto,  soon  after  10  or  11  p.m. 

The  four  movements  of  the  needle,  which  I  recognised  in 
1805,**  have  been  represented  in  the  admirable  collection  of 
observations  made  at  Greenwich  in  the  years  1845, 1846,  and 

^  See  extracts  from  a  letter,  which  I  addressed  to  Earsten,  from 
Bome,  June  the  '22nd,  1805,  "  On  four  motions  of  the  magnetic  needle, 
constituting,  as  it  were,  four  periods  of  magnetic  ebbing  and  flowing, 
analogous  to  the  barometrical  periods/'  This  communication  was 
printed  in  Hansteen's  Magnetiamus  der  Erde,  1819,  s.  459.  On  the  long 
disregarded  nocturnal  alterations  of  variation,  see  Faraday,  OniheNigM 
JEpitode,  §.  3012-^024. 
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1847,  as  the  results  of  many  thousand  horary  obserratiofis  in 
the  following  four  turning  points,"  namely,  the  first  mini- 
mum at  8  A.M.;  the  first  maximum  at  2  p.m.  ;  the  second 

^  Airy,  Magnetic  and  Meteorological  Observations  made  at  Oreentoiek 
{ItesuUs,  1845,  p.  6, 1846,  p.  94,  1847,  p.  236).  The  close  correspondence 
between  the  earliest  results  of  the  nocturnal  and  diurnal  turning  hours, 
and  those  which  were  obtained  four  years  later,  in  the  admirable  obadr- 
VAtories  at  Greenwich  and  at  Toronto  in  Canada,  is  clearly  shown  hf 
the  investigation  made  by  my  old  friend,  Enke,  the  distinguished  direc- 
tor of  the  observatory  at  Berlin,  between  the  corresponding  observa- 
tions of  IJerlin  and  Breslau.  He  wrote  as  follows  on  the  11th  of 
October,  1836  : — ^**In  reference  to  the  nocturnal  maximum,  or  the 
inflectioii  of  the  curve  of  horary  variation,  I  do  not  think  that  there 
can  be  a  doubt,  as,  indeed>  Dove  has  also  shown  from  the  Freibei^ 
observations  for  1830  (Poggend.  An/n,  Bd.  xix,  s.  373).  Graphical  repre- 
sentations are  preferable  to  numerical  tables  for  affording  a  correct 
insight  into  this  phenomenon.  In  the  former,  great  irregularities  at 
once  attract  the  attentioii,  and  enable  the  observer  to  draw  a  line  of 
average ;  while  in  the  latter  the  eye  is  frequently  deceived,  and  indivi- 
dual and  striking  irregularities  are  mistaken  for  a  true  maximum  or 
minimum.  The  periods  seem  to  fall  regularly  at  the  following  turning 
hours : — 

The  greatest  eastern  declination  falls  at   8  A.M.    1  max.  £. 

„        „       western         >,  ),  1  p.m.    1  min.  E. 

^he  secondary  or  lesser  eastern  max.      10  p.m.  11  max.  E. 

western  min.        4  a.m.  11  min.   E. 


»  >f  » 


The  secondary  or  lesser  minimum  (the  nocturnal  elongation  westward) 
falls,  more  correctly  speaking,  between  3  and  5  a.m:,  sometimes  nearer 
the  one  hour,  and  sometimes  nearer  the  other."  I  need  scarcely  ob- 
serve that  the  periods  which  Enke  and  I  designate  as  the  eastern 
mmima  (the  principal  and  the  secondary  minimum  at  4  A.M.)  are  named 
western  maxima  in  the  registers  of  the  English  and  American  stations, 
which  were  established  in  1840,  and  consequently  our  eaetem  maxiinm 
(8  A.M.  and  10  p.m.)  would,  in  accordance  with  the  same  form  of  expres- 
sion, be  converted  into  western  minima.  In  order,  therefore,  to  give  St 
representation  of  the  horary  motion  of  the  needle  in  its  general  charac- 
ter and  analogy  in  the  northern  hemisphere,  I  will  employ  the  terms 
adopted  by  Sabine,  beginning  wiUi  the  period  of  the  greatest  western 
dongation,  reckoned  aeoording  to  the  mean  time  of  the  plaice  .-^ 

SVeibei^.  Breslau.  Greenwich. 

1829.                 1836.  1846-47. 

Maxim/wm  ...v..% 1  p.m.                1  f.m«  2  p.m. 

Mt/nimmm 1a.m.  10  p.m.  12  p.m. 

Maximum <,.   4  a.m.  4  a.m.  4  A.M. 

Mi/fiimvm  8  a.m.               8  a.m.  8  a.m. 
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minimum  at  12  p.m.  or  2  a.m. ^  and  the  second  maximum  at 
2  A.H.  or  4  A.M.  I  must  here  content  myself  with  merely- 
giving  the  mean  conditions,  drawing  attention  to  the  fact, 

Makerstoun.         Toronto.        .  Washington. 

1842-43.  184547.  1840-42. 

Macsinmm Oh.  40m.  1  P.1C  2  p.m. 

Minimum  .........      10  p.m.  10  P.H.  10  p.m. 

Maximwih 2h.l5m.A.M.  2  a.m.  2  A.M. 

Mvnimwrn,  7h.l5m.A.M.  8  a.m.  8  A.ir. 

The  dilferent  seasonfi  exhibited  name  striking  differenoes  at  Greenwioh« 
In  the  year  1847  there  was  only  one  maximum  (2  P.M.)  and  one  mini- 
mum (12  night)  during  the  winter;  in  the  summer  there  was  a  double 
progression,  but  the  secondary  minimum  occurred  at  2  a.m.  instead  of 
4  A.M.  (p.  236).  The  greatest  western  elongation  (principal  maximum) 
remained  stationary  at  2  p.m.  in  winter  as  well  as  in  summer,  but  the 
smaller  or  secondaiy  minimum  fell,  in  1846,  as  usu&l  (p.  94),  at  about 
8  A.M.  in  the  summer,  and  in  winter  about  12  at  night.  The  mean  winter 
western  elongation  continued  without  intermission  throughout  the  whole 
year  bet^^en  midnight  and  2  p.m.  (see  also  for  1845,  p.  6).  We  owe  the 
erection  of  the  observatory  at  Makerstoun,  Roxbutghshire,  in  Scotland^ 
to  the  generous  scientifio  zeal  of  Sir  Thomas  Brisbane  (see  John  Allim. 
Broun,  Ohs.  in  MtxgneHim  amd  Meteorology  made  at  Makerstoun  in  1843, 
pp.  221 — 227).  On  the  horary  diurnal  and  nocturnal  obseryations  of 
St.  Petersbiurg,  see  Kupffer,  Uompte-rendu  MSteor.  et  Mag.  d  Mr.  de 
Brock  en  1851,  p.  17.  Sabine,  in  his  admirable  and  ingeniously  com- 
bined graphic  representation  of  the  curve  of  horary  declination  at 
Toronto  (PML  Transact,  for  1851,  pt.  ii,  plate  27),  shows  that  there  is 
a  singular  period  of  rest  (from  9  to  11  p.m.)  occurring  before  the  small 
noctvmdl  western  motion,  which  begins  about  11  p.m.,  and  continues 
till  about  8  A.M.  "We  find,"  he  observes,  "alternate  progression  and 
retrogression  at  Toronto  twice  in  the  24  hours.  In  2  of  the  8  quarters 
(1841  and  1842)  the  inferior  degree  of  regularity  during  the  night  occa- 
sions the  occurrence  of  a  triple  mase.  and  min.;  in  the  remaining  quar- 
ters the  turning  hours  are  the  same  as  those  of  the  mean  of  the  2  years."' 
(068.  made  at  the  Magn.  and  Meteor.  Observatory  at  Toronto,  in  Canada^ 
vol.  i,  pp.  xiv,  xxiv,  183 — 191,  and  228  ;  and  Unu8U4il  Magn.  Biitur- 
hanceSf  pt.  i,  p.  vi.)  For  the  very  complete  observations  made  at  Wash- 
ington, see  Gilliss,  Magn.  and  Meteor.  Observations  made  at  WaMngton^ 
p.  825  {Oeneral  Law),  Compare  with  these  Bache,  Observ.  at  the  Magn. 
and  Meteor.  Observatory  at  the  Oirard  CoUege,  Philadelphia,  made  in  the 
years  1840  to  1845  (3  volumes,  containing  3212  quarto  pages)  vol.  i, 
Pj  709,  vol.  ii,  p.  1286,  vol.  iii,  pp.  2167,  2702.  Notwithstanding  the 
vicinity  of  these  two  places  (l4iiladelphia  lying  only  1*  4'  north,  and 
0*^  7'  33"  east  of  Washington),  I  find  a  difference  in  the  lesser  periods 
of  the  western  seconda^  maximum  a&d  secondanf"  minimum.  The 
former  falls  about  Ih.  30m«  and  the  latter  about  2h.  15m.  earlier  a,t 
Philadelphia. 
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tliat  the  morning  principal  minimum  of  8  h.  is  not  changed  in 
our  northern  zone  by  the  earlier  or  later  time  of  sunrise. 
At  the  two  solstitial  periods^  and  the  three  equinoxes^  at 
which,  conjointly  with  Oltmanns,  I  watched  the  horary 
variations  for  5  to  6  consecutive  days  and  nights,  I  found 
that  the  eastern  turning  point  remained  fixed  between 
7h.  45m.  A.M.  and  8h.  15m.  a.m.  both  in  simimer  and  in 
winter,  and  was  only  very  slightly  anticipated  by  the  earlier 
period  at  which  the  sun  rose." 

In  the  high  northern  latitudes  near  the  Arctic  circle,  and 
between  the  latter  and  the  pole  of  the  earth's  rotation,  the 
regularity  of  the  horary  declination  has  not  yet  been  very 
clearly  recognised,  although  there  has  been  no  deficiency  in 
the  number  of  very  carefully  conducted  observations  regard- 
ing this  point.  The  local  action  of  the  rocks  and  the  fre- 
quency of  the  disturbing  action  of  the  polar  light,  either  in 
the  immediate  vicinity  or  at  a  distance,  made  Lottin  hesi- 
tate in  drawing  definite  conclusions  in  reference  to  these 
turning  hours,  from  his  own  great  and  careful  labours,  which 
were  carried  on  during  the  French  scientific  expedition  of 
Lilloise  in  1836,  or  from  the  earlier  results,  that  had  been 
obtained  with  much  care  and  accuracy  by  Lowenom,  in 
1786.  It  would  appear  that  at  Eeikjavik,  in  Iceland,  64®  8' 
lat.,  as  well  as  at  Godthaab,  on  the  coast  of  Greenland^ 
according  to  observations  made  by  the  missionary,  Genge, 
the  minimum  of  the  western  variation  fell  almost  as  in  the 

^  Examples  of  the  slightly  earlier  occurrence  of  the  turning  hours 
are  given  by  Lieutenant  Gilliss,  in  his  Magn.  Observ.  of  Washington, 
p.  328.  At  Makerstoun,  in  Scotland  (55°  35'  N.  lat.),  yariations  are 
observed  in  the  secondary  minimum,  which  occurs  about  9  a.m.  in  the 
first  three  and  the  last  four  mouths  of  the  year,  and  about  7  a.m.  in  the 
remaining  five  months  (from  April  till  August);  the  reverse  being  the 
case  at  Berlin  and  Greenwich  (Allan  Broun,  Observ.  made  at  Makers' 
toun,  p.  225).  The  idea  of  heat  exei'ting  an  influence  on  the  regular 
changes  of  the  horary  variation,  whose  minimum  falls  in  the  morning 
near  the  time  of  the  minimum  of  the  temperature,  as  the  maximum 
very  nearly  coincides  with  maximum  heat,  is  most  distinctly  contra* 
dieted  by  the  nocturnal  motions  of  the  needle,  constituting  the  second- 
ary mln.  and  secondary  max.  **  There  are  2  maxima  and  2  minima  of 
variation  in  the  24  hours,  but  only  one  TnininniTn  and  one  maximum  of 
temperature"  (Relshuber,  in  Poggend.  Annalen  der  Pkysik  wnd  Ckemie, 
Bd.  85,  1852,  s.  416).  On  the  normal  motion  of  the  magnetic  needle 
in  Northern  Germany,  see  Dove,  Poggend.  Afmaten,  Bd.  xix,  s.  364  — 
374. 
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middle  latitudes  at  about  9  or  10  am,,  wMlst  tKe  maximum 
did  not  ajgpear  to  occur  before  9  or  10  p.m."  Farther  to  the 
north,  at  Hammerfest,  in  Finmark,  70^40'  lat.,  Sabine  found 
that  the  motion  of  the  needle  was  tolerably  regular,  as  in  the 
south  of  Korway  and  Germany,^  the  western  minimum  being 
at  9  A.M.  and  the  western  maximum  at  Ih.  30m.  p.h.;  he 
found  it,  however,  different  at  Spitzbergen,  in  79^  50'  lat., 
where  the  above-named  turning  hours  fell  at  6  and  at 
7h.  30m.  A.M.  In  reference  to  the  Arctic  polar  archipelago^ 
we  possess  an  admirable  series  of  observations,  made  during 
Captain  Parry's  third  voyage,  in  1825,  by  Lieutenants  Foster 
and  James  Boss,  at  Port  Bowen,  on  the  eastern  coast  of 
Prince  Begent's  Inlet,  73°  14/  N.  lat.,  which  were  extended 
over  a  period  of  5  months.  Although  the  needle  passed 
twice  in  the  course  of  24  hours  thi'ough  that  meridian, 
which  was  regarded  as  the  mean  magnetic  meridian  of  the 
place,  and  although  no  Aurora  borealis  was  visible  for  fully 
2  months  (during  the  whole  of  April  and  May),  the  periods 
of  the  principal  elongations  varied  from  4  to  6  hours,  and 
from  January  to  May,  the  means  of  the  maxima  and  minima 
of  the^ western  variation  differed  by  only  Ih.!  The  quantity 
of  the  declination  rose  in  individual  days  from  1^  SO'  to 
6°  or  7^  whilst  at  the  turning  periods  it  hardly  reaches  as 
many  minutes."^  Not  only  within  the  Arctic  circle,  but 
also  in  the  equatorial  regions,  as,  for  instance,  at  Bombay, 
18°  56'  lat.,  a  great  complication  is  observable  in  the  horary 
periods  of  magnetic  variation.  These  periods  may  be 
grouped  into  two  principal  classes,  which  present  gi*eat  dif- 
ferences between  April  and  October  on  the  one  hand,  and 
between  October  and  December  on  the  other,  and  these  are 
again  divided  into  two  sub-periods,  which  are  very  for  from 
being  accurately  determined.^ 

^  Voy,  en  lalcmde  et  en  Oro^nUmd,  exScutS  en  1885  et  1886,  aur  la 
CoTV.  la  Recherche;  Phytique  (1888),  pp.  214-- 226,  858—367. 

^7  Sabine,  Accovmt  of  the  Pendulv/m  Experimente,  1825,  p.  500. 

^  See  Barlow's  "Report  of  the  Observatioiis  at  Port  Bowen/'  in  thd 
Sdinb.  New  PhUos,  Journal,  vol.  ii,  1827,  p.  847. 

^  Professor  Orlebar,  of  Oxford,  former  superintendent  of  the  Mag- 
netic Obflervatorv  of  the  Island  of  Colaba^  erected  at  the  expense 
of  the  East  India  Company,  has  endeayoured  to  elucidate  the  com- 
plicated laws  of  the  changes  of  declination  in  the  sub-periods  (06- 
ierv<Uum8  made  at  ike  Magn,  and  Meteor,  Observatory  ait  Bombay  in 
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Europ^ms  could  not  hare  learnt,  from  their  own  expe- 
rience, the  direction  of  the  magnetic  needle  in  the  southern 
hemisphere  before  the  second  half  of  the  15th  century,  when 
they  may  have  obtaLned  an  imperfect  knowledge  of  it  from 
the  adventurons  expeditions  of  Diego  Cam  with  Martdn 
Behaim,  and  Bartholomew  Diaz,  and  Yasco  de  Qama.  The 
.Chinese,  who,  as  early  as  the  3rd  centary  of  onr  era^  aa  well 
as  the  inhabitants  of  Corea  and  the  Japanese  Islands,  had 
guided  their  course  by  the  compass  at  sea,,  no  less  than  by 
land,  are  said,  according  to  the  testinumy  of  their  earliest 
writers,  to  have  ascribed  great  importance  to  the  south  direo* 
tion  of  the  magnetic  needle,  and  this  was  probably  mainly 
dependent  on  the  circumstance  that  their  navigation  was 
entirely  directed  to  the  south  and  south-Wjest.  During  these 
southern  voyages,^  it  had  not  escaped  their  notice  that  the 
magnetic  needle,  according  to  whose  direction  they  steered 
their  course,  did  not  point  aceuratdy  to  the  south  pole.  We 
even  know,  from  one  of  their  determinations,  the  amount  "^  of 
the  variation  towards  the  south-east,  idiieh  prevailed  during 
the  12th  century.  The  application  and  &rther  diSEoBion  ci 
such  nautical  aids  favoured  the  very  ancient  intercourse  of 
the  Chinese  and  Indiana  with  Java,,  and  to  a  still  greater 
extent  the  vo3rages  of  the  Malay  races  and  their  colonisation 
of  the  island  of  Madagasear.^^ 

1845,  RestiUa,  pp.  2 — 7.  It  is  singular  to  find  that  tbe  positi(m  of  the 
needle  during  the  first  period  from  April  to  October  (western  min. 
7h.  30m.  A.H.,  max.  Oh.  90m.  p.m;,  ;  miiL  Sh,  B9m.,  max,  T  f.m.)  coin- 
cides 80  dosdy  with  thai  of  C<mtral  Europe.  The  month  of  Ostober  is 
a  transition  period,  as  the  amount  of  diurnal  'variation  aearcoly  amouBts 
to  2  minutes  la  November  and  December.  Notwithstanding  that  this 
station  is  situated  8*  from  the  magnetic  equator,  there  is  no  obvious 
regularity  in  the  turning  hours.  Everywhere  in  nature,  where  various 
causes  of  disturbances  act  upon  a  pheomaoaon  of  moticm  at  recurring 
periods  (whose  duration,  however,  is  still  unknown  to  us),  the  law  by 
which  tiiese  disturbances  are  brought  abont.  often  remainflE  for  a  long 
time  unexplained  in  consequence  of  tiie  perturbing  eanaes^  eltber  reeiv 
procally  neutraliaii^  or  Intensi^ng:  aaaaiietlMa^ 

<»  See  my  Msamok  (M.  t^  USUt.  de  la  64e^.  t;  us^  iq>.  ^4^7. 
The  most  ancient  notice  of  the  variation  given,  b;  Keutsungph^i^^  a  writer 
belongpuBg  to  tiiie  beginning  <^  the  twdlftk  ccmtury,,  waa>efiet^  j-aoixth. 
Klaproth's  Z^Mre  cur  Piwventuxnf  de^  la  Bimmol^  pi»  €3. 

^^  On  the  aaoient  inteifGouiaie  of  the  GhiaaaMa  with  J^v%  seeordiag  to 
atatementa  of  !i?a]uaa  izi  the  Fo-bienu,  aee^  Wilhalm  von.  Humbeldi^, 
Ui^er  dU  Kam  J^^raehe,  fid.  i,  s..  16. 


MAGNETIC  VABIATION.  J27 

.  Although,  judging  from  the  pieaent  very  northern  position 
of  the  magnetic  equator,  it  is  probable  that  the  town  of  Louvo 
in  Siam  was  very  near  the  extremity  pf  the  northeini  n^- 
netic  hemisphere,  when  the  missionary  father,  Guy  Tachard, 
first  observed  the  horary  alterations  of  the  magnetic  varia- 
tion at  that  place  in  the  year  1682,  it  must  be  remem- 
bered, that  accurate  observations  of  the  horary  decUna- 
tion  in  the  southern  magnetic  hemisphere  were  not  made 
for  folly  a  century  later.  John  Macdonald  watched  the 
course  of  the  needle  during  the  yeaa:s  1794  and  1795  in  JFort 
Marlborough,  on  the  south-western  coast  of  Sumatra,  as  well 
as  at  St.  Helena."  The  results  which  were  then  obtained 
drew  the  attention  of  physicists  to  the  great  decrease  in  the 
quantity  of  the  daily  alterations  of  variation  in  the  lower 
latitudes.  The  elongation  scarcely  amounted  to  3  or  4 
minutes.  A  more  comprehensive  and  a  deeper  insight  iii,to 
this  phenomenon  was  obtained  through  the  scientific  expedi- 
tions  of  Freyoinet  and  Dup«rrey,  but  the  erection  of  m>g- 
netic  stations  at  three  important  points  of  the  south^em 
magnetic  hemisphere,  at  Hobarton  in  Van  Diemen's  X^and, 
at  St.  Helena^  and  at  the  Cape  of  Grood  Hope  (where  for  the 
last  10  years  horary  observationis  have  been  earned  on  for  the 
registration  of  the  alterations  of  the  three  elements  of  ter- 
restrial magnetism  in  accordance  with  one  uniform  method), 
.afforded  us  the  first  general  and  systematic  results.  In 
the  middle  latitudes  of  the  southern  magnetic  hemisphere 

®  JPUL  Traaaaet.  for  1795,  pp.  840-*a49^>r  1798,  p.  397.  The  result 
which  Macdonald  himself  dmws  from  hiA  ohsj&rvations  at  Fort  Marl- 
borough (situated  aboye  the  town  of  Benooolen,  in  Sumatra,  3^  47'  S.. 
lat.),  and  according  to  which  the  eastern  elongation  was  on  the  increase 
from  7  AM.  to  5  p.m.,  does  not  appear  to  me  to  be  entirely  justified. 
2^0  rsgulair  obserraticm  was  made  between  noon  and  3,  4,  or  5  p.m.,  and 
it  seems  probable,  from  some  scattered  observations  made  at  different 
times  from  the  normal  hours,  that  the  turnii^  hours  between  the 
eaatem  and  western  elongation  fall  as  early  as  2  P.M.,  precisely  the 
tame  as  at  Hobarton.  We  are  in  possession  of  declination-observations 
made  by  Macdonald  during  23  months  (from  June,  1794,  to  June, 
1796),  and  from  %hsm  I  pei?eei¥e  thai  l^e  eastern  TariatlQa  UMreases  at 
all  times  of  the  year  between  7h  80m.  a.m.  till  noon,  the  needle  moving 
Qjbeadil;  from  w»^  to  east  during  that  pmod.  There  is  hwe  no  trace 
of  the  ty|>e  of  the  northern  heimsphere  (Toronto),,  which  was  obserr- 
able  adk  omfi^pore^  from  May  till  September;  and  yet  Fort  Mffflborough 
lies  in  almost  the  samse  mendian,  although  to  tibie  south  of  the  geogra« 
phical  equator,  and  only  5^  4'  distant  from  Singapore 
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the  needle  moves  in  a  totally  opposite  direction  from  tbai> 
wbicli  it  follows  in  the  northern,  for  while  in  the  south  the 
needle  that  is  pointed  southward  turns  from  east  to  west  be- 
tween morning  and  noon,  the  northern  point  of  the  needle 
exhibits  a  direction  from  west  to  east. 

Sabine,  to  whom  we  are  indebted  for  an  elaborate  revi- 
sion of  all  these  variations,  has  arranged  the  horary  observa- 
tions that  were  carried  on  for  five  years  at  Hobarton  (42°  53' 
S.  lat.,  variation  9°  5V  east,)  and  Toronto  (43°  39'  N.  lat., 
variation  1°  33'  west),  so  that  we  can  draw  a  distinction 
between  the  periods  from  October  to  February,  and  from. 
April  to  August,  since  the  intermediate  months  of  March 
and  September  present,  as  it  were,  phenomena  of  transition. 
At  Hobarton  the  extremity  of  the  needle  which  points 
northwards  exhibits  two  eastern  and  two  western  maxima 
of  elongation,®  so  that  in  the  period  of  the  year  from  Octo- 
ber to  February  it  moves  eastward  from  8  or  9  o'clock  A.M. 
till  2  P.M.,  and  then  from  2  till  11  p.m.,  somewhat  to  the 
west,  from  11  P.M.  to  3  a.m.  it  again  turns  eastward,  and 
from  3  to  8  a.m.  it  goes  back  to  the  west.  In  the  period 
between  April  and  August,  the  eastern  turning  hours  are 
later,  occurring  at  3  p.m.  and  4  a.m.,  whilst  the  western  turn- 
ing hours  fall  earlier,  namely  at  10  a.m.  and  at  11  p.m.  In 
the  northern  magnetic  hemisphere  the  motion  of  the  needle 
westward  from  8  A.M.  till  1  p.m.  is  greater  in  the  summer 
than  in  the  winter,  whilst  in  the  southern  magnetic  hemi- 
sphere, where  the  motion  has  an  opposite  direction  between 
the  above-named  turning  hours,  the  quantity  of  the  elon- 
gation is  greater  when  the  sun  is  in  the  southern  than  whea 
it  is  in  the  northern  signs. 

The  question  which  I  discussed  seven  years  ago  in  the 
Picture  of  Nature,**  whether  there  may  not  be  a  region  of 
the  earth,  probably  between  the  geographical  and  magnetic 
equators,  in  which  there  is  no  horary  variation  (before  the 
return  of  the  northern  extremity  of  the  needle  to  an  oppo* 
site  direction  of  variation  in  the  same  hours),  is  one  which 

®  Sabine,  Magn.  Ohserv.  m/ode  at  HoharUm,  voL  i  (1841  and  1842), 
pp.  XXXV ;  2,  148;  vol.  ii  (1843—1846),  pp.  iu— xxxv,  172—344.  See 
also  Sabine,  Obs.  made  at  St.  Helenaf  and  in  Phil.  Transact,  for  1847, 
pt.  i,  p.  55t  pl.  iv,  and  Phih  Transact,  for  1851,  pt.  ii,  p.  36,  pi.  xxvii. 

^  CosmoSj  voL  i,  p.  17^. 


lUGNinO  INTBNSITT.  129 

it  -woxjIA  seem  from  recent  ezperimentsy  and  move  especiallj 
eince  Sabine's  ingenious  discussions  of  the  observations  made 
at  Singapore  (1^  17'  N.  lat.),  at  St.  Helena  (15^  56'  S.  lat), 
«nd  at  the  Cape  of  Good  Hope  (33*^  56'  S.  lat.),  must  be  an- 
swered in  the  negative.  No  point  has  hitherto  been  dis- 
covered, at  which  the  needle  does  not  exhibit  a  horaiy 
motion^  and  since  the  erection  of  magnetic  stations,  the  im- 
portant and  very  unexpected  fact  has  been  evolved,  that 
there  are  places  in  the  southern  magnetic  hemisphere,  at 
which  the  horary  variations  of  the  dipping  needle  alter- 
nately participate  in  the  phenomena  (types)  of  both 
hemispheres.  The  island  of  St.  Helena  lies  veiy  near  the 
line  of  weakest  magnetic  intensity,  in  a  region  where  this 
line  divaricates  very  widely  from  the  geographical  equator 
and  from  the  line  of  no  inclination.  At  St.  Helena^  the 
movement  of  the  end  of  the  needle  which  points  to  the 
north,  is  entirely  opposite  in  the  months  from  May  to  Sep- 
tember from  the  direction  which  it  follows  in  the  analogous 
hours  from  October  to  February.  It  has  been  found  after  £ve 
years*  horary  observations,  that  during  the  winter  of  the 
southern  hemisphere,  in  the  above-named  periods  of  the 
year,  while  the  sun  is  in  the  northern  signs,  the  northern 

r>int  of  the  needle  has  the  greatest  eastern  variation  at 
A.H.,  from  which  hour,  as  in  the  middle  latitudes  of  Europe 
and  North  America,  it  moves  westward  till  10  a.m.  and  re- 
mains very  nearly  stationary  until  2  p.m.  At  other  parts  of 
the  year,  on  the  other  hand,  namely  from  October  till 
February,  (which  constitutes  the  summer  of  the  southern 
hemisphere  and  when  the  sun  is  in  the  southern  signs  and 
therefore  nearest  to  the  earth)  the  greatest  western  elonga- 
tion of  the  needle  falls  about  8  a.m.,  showing  a  movement 
from  west  to  east  until  noon,  precisely  in  accordance  with 
the  type  of  Hobarton  (42^  53  S.  lat.),  and  of  other  districts 
of  the  middle  parts  of  the  southern  hemisphere.  At  the 
time  of  the  eqiunoxes,  or  soon  afterwards,  as  for  instance  in 
March  and  April,  as  well  as  in  September  and  October,  the 
course  of  the  needle  fluctuates  on  individual  days,  showing 
periods  of  transition  from  one  type  to  another,  from  that  of 
the  northern  to  that  of  the  southern  hemisphere.** 

^  Sabine,  Obiervationa  made  at  the  Magn.  and  Meteor,  Obaervaiory  at 
JSL  ffdena  in  1840—1845,  toI  i,  p.  30,  and  in  the  Phil  Transact,  for 
VOL.  V.  K 
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SiBgapore  lies  a  lUUe  to  tke  north  of  Ae  geograpMcal 
equator,  between  tlie  latter  and  tbe  magnetic  eqoator,  which, 
according  to  Elliot^  ecnncides  almost  exactly  with  the  curve 
of  lowest  intensity.  Acoording  to  the  observations  which 
were  made  at  Singapore  every  two  hours  during  the  years 
1641  and  1842,  Sabine  again  finds  the  St.  Helena  types  in 
the  motion  of  the  needle  from  May  to  August  and  from 
November  to  February ;  the  same  occurs  at  the  Cape  of 
Good  Hope,  which  is  34°  distant  fix>m  the  geographical  and 
■till  more  remote  from  the  magnet  equator,  and  where 
the  inclination  is  53°  south  and  the  sun  never  reaches  the 
zemth.**   We  possess  the  published  horazy  observations  made 

1847,  pt.  i,  pp.  51 — 56,  pL  iii.  The  regularity  of  this  opposition  in  the 
tvro  diyisionB  of  the  year,  the  first  occurring  between  Kay  and  Sep- 
tember (type  of  the  middle  latitudes  in  ^e  northern  hemisphere), 
and  the  next  between  October  and  Febraary  (type  of  the  middle  lati- 
tudes in  the  southern  hemisphere),  is  graphically  and  strikingly  mani- 
fested when  we  separately  compare  the  form  and  inflections  of  the 
curve  of  horary  variation  in  the  portions  of  the  day  mtervening  be- 
tween 9  P.M.  and  10  ajl,  between  10  a.m.  and  4  p.m.,  and  between 
4  P.M.  and  2  am.  Every  curve  above  the  line  which  indicates  the  mean 
declination  has  an  almost  similar  one  corresponding  to  it  below  it 
(vol.  i,  pi.  iv^  the  curves  A  A  and  BB).  This  opposition  is  perceptible 
even  in  the  nocturnal  periods,  and  it  is  still  more  remarkable,  that 
while  the  type  of  9t.  Helena  and  of  the  Cape  of  Good  Hope  is  found  to 
be  that  belonging  to  the  northern  hemisphere,  the  same  earlier  occur- 
rence of  the  turning  hours  which  is  observed  in  Canada  (Toronto)  is 
noticed  in  the  same  months  at  these  two  southern  points.  Sabine, 
Observ.  at  ffoha/rton,  vol.  i,  p.  zzxvi. 

^  Phdl.  Tranmet.for  1847,  pt.  i,  pp.  52,  57,  and  Sabine,  O^tervatwns 
made  at  the  Magn.  and  Meteor,  Observaiory  at  the  Gape  of  Good  Hope, 
1841 — ^1846,  vol.  i,  p.  zii — ^zxiii,  pi.  iii  See  also  Faniday's  ingenious 
views  regarding  the  causes  of  those  phenomena,  which  depend  upon 
the  alternations  of  the  seasons,  in  his  Experimenie  on  Atmospheric 
Magnetitm,  §  3027 — 8068,  and  on  the  analogies  with  St.  Petersburg, 
§  3017.  It  would  appear  that  the  singular  type  of  magnetic  declina- 
tion, varying  with  the  seasons,  which  prevails  at  the  Cape  of  Good 
Hope,  St.  Helena,  and  Singapore,  has  been  noticed  on  the  southern 
shores  of  the  Bed  Sea  by  the  careful  observer,  d*Abbadie  (Airy,  On  tiie 
Present  State  of  the  Science  of  Terrestrial  Magnetism,  1850,  p.  2).  "  It 
results  from  the  present  position  of  the  four  points  of  maximum  of 
intensity  at  the  surface  of  the  earth,"  observes  Sabine,  "that  the  im- 
portant curve  of  the  relatively,  but  not  absolutely,  weakest  intensity  in 
the  Southern  Atlantic  Ocean  should  incline  away  from  the  vicinity  of 
St.  Helena,  in  the  direction  of  th  3  southern  extremity  of  Africa.  The 
astronomxoo-geographical  position  of  this  southern  extremity,  where  the 
sun  remains  throughout  the  whole  year  north  of  the  lenith^  afEbrda  a 
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at  tlie  Cape  for  six  jeam,  from  May  to  September,  accoxding 
to  wMcliy  almost  precisely  as  at  St.  Helena^  the  needle  mov]9fi 
•westward  till  11  h.  30  m.  a.m.  from  its  extreme  eastern  posir 
tiozL  (71i.  dOm.  a.il),  while  from  October  to  March  it  moves 
"eastward  from  8h.  30m.  A.M.  to  Ih.  30m..  and  2  p.m.  Tlife 
discovery  of  this  wdl*<atte3ted,  but  still  unexplained  and. 
obscure  phaiomenon,  has  more  especially  proved  the  inipoirtr 
anoe  of  observations  continued  uninterruptedly  from  hour  to 
hour  for  many  yeasrs.  Disturbances  which,  as  we  shall  soon 
have  occasion  to  show,  have  the  power  of  diverting  th^ 
needle  either  to  the  eastward  or  westward  for  a  length  of 
^ne,  would  render  the  isolated  observations  of  travellers 
uncertain. 

By  means  of  extended  navigation  and  the  application  of 
"the  compass  to  geodetic  surveys,  it  was  very  early  noticed 
rthat  at  certain  times  the  magnetic  needle  exhibited  an  ex- 
traordinary  disturbance  in  its  direction,  which  was  feeqaently 
connected  with  a  vibratory,  trembling  and  fluctuating  mo^ 
tion.  It  became  customary  to  ascribe  this  phenomenon  to 
some  special  condition  of  the  needle  itself,  and  this  was 
characteristically  designated  by  French  sailors  Vitffblement  de 
raiffuille,  and  it  was  recommended  that  tme  aiguiUe  affolee 
should  be  again  more  strongly  magnetised.  Hsuiley  was  cei^ 
tainly  the  first  who  inferred,  that  polar  light  was  a  magnetic 
phenomenon — a  statem^it  ^  trjuch  he  made  on  the  occasion 

principal  ground  of  objection  against  €e  la  Rive's  thermal  explanation 
(AwMltt  d$  ChinUe  et  de  Phytiqut,  t,  xx,y,  1849,  p.  310)  of  the  pheno- 
menon of  St.  Helena  here  referred  to,  which,  although  it  seems  at  $jbb^ 
sight  apparently  abnormal,  is  nevertheless  entirely  in  accordance  with 
established  law,  and  is  found  to  occur  at  other  points."  See  Sabine,  in 
the  Proceedings  of  the  Royal  Bodety,  1849,  p.  821. 

^  HaUey,  AeeowU  of  ^  l<xte  twrprismg  appecMrane$  of  Lights  in  ike 
Air,  in  the  PhU.  Tramact.  vol.  xxix,  1714—1716,  No.  847,  pp.  422— 
428.  Bjalle/s  expfaauttixm  of  the  Aurora  borealis  is.unfbctunately  coiir 
nected  with  the  fantastic  hypothesis  which  had  been  enounced  by  him 
tw«nty>fi,ve  yeass  earlier,  in  the  PhiL  Tromaact  for  1693,  voL  xvii, 
ISo.  195,  p.  563)  according  to  which  theie  was^a  luminous  fluid  in  ttie 
hollow  terrestrial  sphere  lying  between  the  outer  shell  which  we  inhabit 
and  the  inner  denser  nucleus,  which  is  also  inhabited  by  human  beings.. 
These  are  his  words : — "  In  order  to  make  that  inner  globe  capable  ,oJF 
being  inhabited,  there  might  not  improbably  be  contained  some.lumi- 
nous  medium  betwe^i  the  balls,  so  as  to  make  a  perpetual  day  below.'' 
Since  the  outer  shell  of  the  earth's  crust  is  far  less  thick  in  Ihe  regioQ 
of  the  poles  of  ratation  (owing  to  the  oompression  pxipduced  at  thcN|p 
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of  his  b^ing  invited  by  the  Royal  Society  of  London  to  ex- 
plain the  great  meteor  of  the  6th  of  March,  1716,  which  was 
seen  in  every  part  of  England  He  says,  "  that  the  meteor 
is  analogous  with  the  phenomenon,  which  Gassendi  first 
designated  in  1621  by  the  name  of  Aurora  horealU^ 
Although  in  his  voyages  for  the  determination  of  the  line 
of  variation,  he  advanced  as  far  south  as  52°,  yefc  we  learn 
from  his  own  confession,  that  he  had  never  seen  a  northern, 
or  southern  polar  light  before  the  year  1716,  although  the 
latter,  as  I  can  testify,  is  visible  in  the  middle  of  the  tropical 
zone  of  Peru.  Halley,  therefore,  does  not  appear  from  his 
own  obser^'ation  to  have  been  aware  of  the  restlessness  of  the 
needle,  or  of  the  extraordinary  disturbances  and  fluctuations 
which  it  exhibits  at  the  periods  of  visible,  or  invisible  north- 
em  or  southern  polar  lights.  Olav  Hiorter  and  Celsius  at 
XJpsala  were  the  first  who,  in  the  year  1741,  and  therefore 
before  HaUey's  death,  confirmed  by  a  long  series  of  measure- 
ments and  determinations  the  connection,  which  he.  had 
merely  conjectured  to  exist  between  the  appearance  of  the 
Aurora  borealis  and  a  disturbance  in  the  normal  course  of  the 
needle.  This  meritorious  investigation  led  them  to  enter 
into  an  arrangement  for  carrying  on  systematic  observations 
simultaneously  with  Graham  in  London,  while  the  extra- 
ordinary disturbances  of  variation,  observed  on  the  appear- 
ance of  the  Aurora,  were  made  subjects  of  special  investiga- 
tion by  Wargentin,  Canton,  and  Wilke. 

The  observations  which  ^I  had  the  opportunity  of  making, 
conjointly  with  Gay-Lussac,  in  1805,  on  the  Monte  Pincio 
at  Rome,  and  more  especially  the  investigations  suggested  by 
these  observations,  and  which  I  prosecuted  conjointly  with 
Oltmanns  during  the  equinoctial  and  solstitial  periods  of 

parts)  than  at  the  equator,  the  inner  luminous  fluid  (that  is,  the  mag* 
netiic  fluid),  seeks  at  certain  periods,  more  especially  at  the  times  of  the 
equinoxes,  to  find  itself  a  passage  in  the  less  thick  polar  regions  through 
the  fissures  of  rocks,  llie  emanation  of  this  fluid  Ib,  according  to 
Halley,  the  phenomenon  of  the  northern  light.  When  iron  filings  are 
strewn  over  a  spheroidal  magnet  (a  terdla),  they  serve  to  show  the 
direction  of  the  luminous  coloured  rays  of  the  Aurora.  "  As  each  one 
sees  his  own  rainbow,  so  also  the  Corona  appears  to  every  observer  to  be 
at  a  different  point"  (p.  424).  Regarding  the  geognostic  dreams  of  an 
inteUectual  investigator,  who  displayed  such  profound  knowledge  in  all 
his  mngnetic  and  astronomical  labours,  see  Coimot,  voL  i,  p.  163. 
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the  years  1806  and  1807,  in  a  krge  isolated  garden  at  Berlin, 
by  means  of  one  of  Prony's  magnetic  telescopes,  and  of  a 
distant  tablet-signal,  which  admitted  of  being  well  illumi- 
nated by  lamp-liffht,  showed  me  that  this  element  of  teixes- 
trial  aivity  VLh  acts  powerfully  at  certain  epochs,  and 
not  merely  locally,  and  which  has  been  comprehended  under 
the  general  name  of  extraordinary  disturbsmoes),  is  worthy, 
on  accoxmt  of  its  complicated  nature,  of  being  nuide  the  sub- 
ject of  continuous  observation.  The  arrangement  of  the 
signal  and  the  cross  wires  in  the  telescope,  which  was  sus- 
pended in  one  instance  to  a  silken  thread  and  in  another  to 
a  metallic  wire,  and  attached  to  a  bar  magnet,  enclosed  in  a 
large  glass  case,  enabled  the  observer  to  r^ui  off  to  8''  in  the 
arc«  As  this' method  of  observation  allowed  of  the  room  in 
which  the  telescope  and  the  attached  bar-magnet  stood,  being 
left  unilluminated  by  night,  all  suspicion  of  the  action  of 
currents  of  air  was  removed,  and  those  disturbances  avoided, 
which  otherwise  are  apt  to  arise  from  the  illumination  of  the 
scale  in  variation  compasses,  provided  with  microscopes, 
however  perfect  they  may  otherwise  be.  In  accordance  with 
the  opinion  then  expressed  by  me  that  ^^  a  continuous  unin- 
terrupted hourly  and  half-hourly  observation  (Observatio 
iPerpetua)  of  several  days  and  nights  was  greatly  to  be  pre- 
ferred to  isolated  observations  extending  over  many  months,** 
we  continued  our  investigations  for  5,  7,  and  even  11  days 
and  nights  consecutively,^  during  the  equinoctial  and  solsti- 
tial periods — the  importance  of  such  observations  at  these 
times  being  admitted  by  all  recent  observers.  We  soon  per» 
ceived  that,  in  order  to  study  the  peculiar  physical  character 
of  these  anomalous  disturbances,  it  was  not  sufficient  to  de- 
termine the  amount  of  the  alteration  of  the  variation,  but 
that  the  numerical  degree  of  disturbance  of  the  needle  must 
be  appended  to  each  observation  by  obtaining  the  measured 
elongation  of  the  oscillations.  In  the  ordinary  horary  course 
of  the  needle,  it  was  found  to  be  so  quiet  that  in  1500  re- 

^  When  greatly  fatigued  by  observing  for  many  conaecutive  nights, 
Frofeasor  Oltmanns  and  myself  were  occasionally  relieved  by  very 
trustworthy  observers,  as,  for  instance,  by  M&mpel,  the  geographer 
Friesen,  the  skilful  mechanician  Nathan  Mendelssohn,  and  our  great 
geognosist,  Leopold  von  Buch.  It  has  always  afforded  me  pleasure 
to  record  the  names  of  those  who  have  kindly  assisted  me  in  my 
labours. 
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deduced  from  6000  obsenrationSy  made  £rom  tbe  middle 
^of  Majy  1806^  to  the  end  of  June,  1807,  tbe  oscillation  gen^ 
-xftUy  fluctuated  only  from  one-balf  of  a  graduated  inteirval  to 
tbe  other  half,  amounting  therefore  only  to  1^  12'';  in  rndivi- 
dual  cases,  and  often  when  the  weather  was  very  stormy  and 
much  rain  was  falling,  tbe  needle  appeared  to  be  either  per- 
fectly stationary,  or  to  vary  only  0.2  or  0.3  of  a  graduated 
interval,  that  is  to  say,  about  24''  or  28''.  But  on  the  occur- 
rence of  a  magnetic  storm,  whose  final  and  strongest  mani- 
festation is  tbe  Aurora  borealis,  the  oscillations  were  either  in 
'Some  caaes  only  14'  and  in  others  38'  in  tbe  arc,  each  one 
-being  completed  in  from  1-|-  to  3  seconds  of  time,  fre- 
quently, ^n  account  of  the  magnitude  and  inequality  of  tbe 
'OscillatioBS,  which  far  exceeded  the  scale  parts  of  the  tablet 
in  tbe  diiectioin  of  one  or  both  of  its  sides,  it  was  mot  pos- 
abJe  to  make  any  observation.^*    This,  for  instance,  was  the 

®  The  month  of  September,  1806,  was  singalarly  rich  in  great  ma^- 
neHc  dUtwrbtmeet,  By  way  of  ilhtatration,  I  will  give  the  following 
extracts  from  my  journal : — 

f^  Sept.  1806,  from  4h.  36m.  A.M.  till  5h.  43m.  a.m. 

ik  n  n  n  ^  40m.  „  „  7h.    2m.  „ 

i             It  If  »  »i  Sh.  38m.  „  „  6h.  27m.  „ 

W  n  99  19  3h.    4m.  „  „  6h,    2m.  „ 

IJ  99  »  99  2h.  22m.  „  „  4h.  30m.  „ 

If  M  9,  99  2h-  12m.  „  „  4h.    3m.  „ 

ii  »  M  99  11^  56m.  „  „  51l  27m.  „ 

tt  »  w  99  ^^    3m.  „  „  Ih.  22m.  „ 

The  ■disturbance  last  referred  to  was  very  small,  and  was  succeeded  by 
the  givatest  quiet,,  which  continued  throughout  the  whole  night,  and 
.until  the  following  noon. 

.  fj  Sept.  1806,  from  lOh.  20m.  P.M.  till  llh.  82m.  r.iL 

•  This  was  a  small  disturbance,  which  was  suooeeded  by  great  calm 
until  5h.  6m.  ▲.!!  V  ^'»  1806,  about  2h.  46m.  AM,  a  great  but 
short  magnetic  storm,  followed  by  perfect  calm.  Another  equally  greait 
magnetic  disturbance  about  4h.  80m.  a.h. 

The  great  storm  of  ff-  September  had  been  preceded  by  a  still 
greater  disturbance  from  Th.  8m.  till  9h.  11m.  p.m.  In  the  following 
^winter  monthsthere  was  only  ayeiy  small  number  of  storms,  and  these 
could  not  be  compared  with  the  disturbances  during  the  autumnal 
equinox.  I  apply  the  term  great  ttorm  to  a  condition  in  which  the 
needle  makes  oscillations  of  from  20  to  88  minutes,  or  passes  beyond  all 
the  scale  parts  of  the  segment,  or  when  it  is  impossible  to  make  any 
observation.  In  small  storms,  the  needle  makes  irregular  oscillations  <i 
from  5  to  8  minutes. 
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^aae  for.  long  and  uninterrupted  periods  during  the  night 
of  the  24th  Septemhc^,  1806,  lastmg  on  the  fiirat  occasion . 
£com  2h«  Om.  to  3h.  hSm^XM^f  and  next  from  3h.  57m. 
to  5h,  im,  A.K. 

'  In  general^  during  unusual  or  larger  magnetic  disturhanoes 
(magnetic  stoims),  the  mean  <^  tibe  arc  of  the  osdllationa 
exhibited  an  increase  either  westward  or  eastward^  although 
with  irregular  rapidity,  but  in  a  few  cases^  extcaordinaiy 
fllictuations  were  also  observed,  eyen  when  the  yadaticai 
"WBA  not  iiregul^y  increased  or  decreased,  and  when  the 
mean  of  the  ^  o^iUations  did  not  exceed  the  limits  apper- 
taining to  the  nprmal  position  of  the  needle  at  the  giyen 
^e.  We  saw,  after  a  relatively  long  rest,  sudden  motions 
ft  very  unequal  intensity,  describing  arcs  of  from  6'  to  15', 
^ither  alternating  with  one  another  or  abnormally  inter- 
9iixed,  after  which  the  needle  would  become  sudd^y  sta- 
tionary. At  night,  this  mixture  of  total  quiescence  and 
violent  perturbation  without  any  progression  to  either  side 
yras  very  striking.^    One  special  modification  of  the  motion, 

'^  Arago,  durisg  i&e  ten  yean  in  wbach.  %.e  eontinued  to  make  care- 
lid  obaezTotiaDB  at  Paris  (till  1S29),  aevBr  notioed  any  oadUafakms  with- 
tiiit  a  change  m»  ike  variaiion.  He  wcote  to  me  tm  ioUowi»  in  thecourae 
of  that. year : — *'I  have  communicated  to  the  Academy  the  results  of 
t>ur  simultaDeons  obBervations.  I  am  surprised  to  notice  the  oscilla- 
-6ons  which  the  dipping  needle  occasionally  exhibited  at  Berlin  during 
4be  observations  of  1806, 1807,  and  of  1828 — 1829,  even  when  the  mean 
declination  was  not  changed.  Here  (at  Paris)  we  never  experience  any- 
thing of  the  kind.  The  only  time  at  whidi  the  needle  exhibits  violent 
osciUieitions  is  on  the  occurrep/*>e  of  an  Aurora  borealis,  and  when  its 
absolute  direction  has  been  considerably  disturbed ;  and  even  then,  the 
flisturbances  of  direction  are  most  frequently  unaccompanied  by  any 
^leciUatory  movement."  The  condition  here  described  is,  however,  en- 
tirely opposite  to  the  phenomena  which  were  observed  at  Toronto 
(43*  91'  N.lat)  during  the  years  1840  and  1841;  and  which  correspond 
apcurately  with  those  manifested  at  Berlin.  The  observers  at  Toronto 
£ave  paid  so  much  attention  to  the  nature  of  the  motion  that  they 
indicate  whether  the  vibrations  and  shocks  are  " strong"  or  ''slight, 
tfnd  characterise  the  disturbances  in  accordance  with  definite  and 
fmiform  subdivisions  of  the  scale,  following  a  fixed  and  uniform  nomen^ 
^ture.  Sabine,  Days  of  Unusual  Magn.  Disturbances,^  vol.  1,  pt.  i, 
■jjr,  46.  Si^  groups  of  successive  days  (146  in  all)  are  given  from  the 
two  above-named  years  in  Canada,  which  were  marked  by  very  strong 
shocks,  vrithout  any  perceptible  change  in  the  horary  declination, 
fcch  groups  (see  op,  eU.  pp.  47,  54,  74,  88,  95,  101),  are  designated  as 
**  Times  qf  ObservoHoni  at  Toronto,  at  which  the  magnetometers  were  dis' 
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wHcli  I  must  not  pass  mthout  notice,  consisted  in  tlie  veiy 
rare  occurence  of  a  vertical  motion,  a  kind  of  tilting  motion. 
an  alteration  of  the  inclination  of  the  northern  point  of  the 
needle,  "which  was  continued  for  a  period  of  from  15  to  20 
minutes,  accompanied  by  either  a  yery  moderate  degree  of 
horizontal  vibration  or  by  the  entire  absence  of  this  move- 
ment .  In  the  careful  enumeration  of  all  the  secondary  condi* 
tions  which  are  recorded  in  the  registers  of  the  English  obser- 
vatories, I  have  only  met  with  three  references  to  **  constant* 
vertical  motion,  the  needle  oscillating  vertically,"^^  and  these 
three  instances  occurred  in  Van  Diemen's  Land. 

The  periods  of  the  occurrence  of  the  greater  magnetic  !| 

storms  fell,  according  to  the  mean  of  my  observations  in  'i 

Berlin^  about  3  hours  after  midnight,  and  generally  ceased! 
about  5  A.M.  We  observed  lesser  disturbances  during  the 
daytime,  as,  for  instance,  between  5  and  7  p.m.,  and  ho^ 
quently  on  the  same  days  of  September,  during  which  violent 
storms  occurred  after  midnight,  when,  owing  to  the  magni- 
tude and  rapidity  of  the  oscillations,  it  was  impossible  to  read 
them  off  or  to  estimate  the  means  of  their  elongation.  I 
soon  became  so  convinced  of  the  occurrence  of  magnetic 
storms  in  groups  during  several  nights  consecutively,  that  I 
acquainted  the  Academy  at  Berlin  with  the  peculiar  nature 
of  these  extraordinary  disturbances,  and  even  invited  my 
friends  to  visit  me  at  predetermined  hours,  at  which  I  hopd 
they  might  have  an  opportunity  of  witnessing  this  pheno- 
menon, and  in  general  I  was  not  deceived  in  my  anticipa- 

turbed,  hut  ihe  fMo/n,  readmgt  were  not  maJteriaUy  changed,"  The  chtuigea 
of  vaiiation  were  also  nearly  always  accompanied  bv  strong  vibrationa 
at  Toronto  during  the  frequent  Aurorsd  boreales ;  in  some  cases  thesa 
vibrations  were  so  strong  as  entirely  to  prevent  the  observations  fron^ 
being  read  off.  We  leam,  therefore,  from  these  phenomena,  whose 
further  investigation  we  cannot  too  strongly  recommend,  that  although, 
momentary  changes  of  declination  which  disturb  the  needle  may  ofteik 
be  followed  by  great  and  definite  changes  of  variation  (Toimghusbandy. 
Unusual  Distv/nanceSf  pt.  ii,  p.  x)«  the  size  of  the  arc  of  vibration  in  no 
respect  agrees  with  the  amount  of  the  alteration  in  the  declination ;  that 
in  veiy  inconsiderable  changes  of  variation  the  vibrations  may  be  veiy 
strong,  while  the  progressive  motion  of  the  needle  towards  a  western  or 
eastern  declination  may  be  rapid  and  considerable,  independently  of  any 
vibration ;  and  further,  that  these  processes  of  magnetic  activity  assume 
a  ^oeeial  and  different  character  at  different  placet. 
^  Unusual  Disturb,  vol  i,  pt.  i,  pp.  69, 101« 


MAGNETIC  DI8TUBBANCES.  137 

tions.™  Kupffer,  daring  liis  trayels  in  tbe  Caucasus  in  1829^ 
and  at  a  later  period,  Kreil^  in  the  course  of  the  valuable 
observations  which  he  made  at  Prague,  were  both  enabled 
to  confirm  the  recurrence  of  magnetic  storms  at  the  same 
hours.® 

The  observations  which  I  was  enabled  to  make  during  the 
year  1806,  at  the  equinoctial  and  solstitial  periods,  in  refer- 
ence to  the  extraordinary  disturbances  in  the  variation,  have 
become  one  of  the  most  important  acquisitions  to  the  theoir  of 
terrestrial  magnetism,  sin^the  erecLn  of  magnetic  stations 
in  the  different  British  colonies  (from  1838  to  1840),  through 
the  accumulation  of  a  rich  harvest  of  materials,  which  have 
been  most  skilfully  elaborated  by  General  Sabine.  In  the 
results  of  both  hemispheres  this  talented  observer  has  sepa- 
rated magnetic  disturbances,  according  to  diurnal  and  noo* 
tumal  hours,  according  to  different  seasons  of  the  year,  and 
according  to  their  deviations  eastward  or  westward.  At 
Toronto  and  Hobarton  the  disturbances  were  twice  as  fre- 
quent and  strong  by  night  as  by  day,^*  and  the  same  was  the 
case  in  the  oldest  observations  at  Berlin ;  exactly  the  reverse 
of  what  was  found  in  &om  2600  to  3000  disturbances  at 
the  Cape  of  Good  Hope,  and  more  especially  at  the  island  of 
St.  Helena,  according  to  the  elaborate  investigation  of  Cap* 

73  This  was  at  the  end  of  September,  1806.  *  This  fact,  which  was 
published  in  Foggendorff's  AnndUn  der  Phystk,  Bd.  xv  (April,  1829), 
8.  330,  was  noticed  in  the  following  terms : — *'  The  older  horary  obser- 
vations which  I  made  conjointly  with  Oltmanns,  had  the  advantage 
that  at  that  period  (1806  and  1807),  none  of  a  similar  kind  had  been 
prosecuted  either  in  France  or  in  England.  They  gave  the  nocturne^ 
TnaTima  and  minima;  they  also  showed  how  remarkable  magneHe 
storms  could  be  recognised,  which  it  is  often  impossible  to  record,  owing 
to  the  intensity  of  the  vibrations,  and  which  occur  for  many  nights 
oonsecutiyely  at  the  same  time,  although  no  influence  of  meteorological 
relations  has  hitherto  been  recognised  as  the  inducing  cause  of  the 
phenomena"  The  earliest  record  of  a  certain  periodicity  of  extraordi* 
nary  disturbances  was  not,  therefore,  noticed  for  the  first  time  in  the 
year  1839.  ^  Report  of  the  Fifteenth  Meeting  of  the  British  Association  at 
Cambridge,  1845,  pt.  ii,  p.  12. 

73  Kupffer,  Voyage  au  Mont  Elbruz  dans  le  Caucase,  1829,  p.  108, 
''Irregular  deviations  often  recur  at  the  same  hour  and  for  sevenddayv 
consecutively." 

7^  Sabine,  UntisuaZ  Distwrh.  vol.  i,  pt.  i,  p.  xxi,  and  Younghusband, 
On  Periodical  Laws  in,  the  Lturger  Magnetic  JHstwrbances,  in  the  PhUL 
Transact,  for  1853,  pt.  i,  p.  173. 
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tain  Yoiingliuabaiid.  At  Toronto  the  principal  disturbances 
geo^nJlj  occurred  in  the  period  from  midnight  to  5  A.K. ;  it 
was  only  ooci«ioiiaUy  that  they  were  obaenred  as  early  aa  from 
^0  P.M.  to  midnight^  and  consequently  they  predominated  by 
night  at  Toronto,  as  well  as  at  Hobarton.  Afber  having 
made  a  yery  carefbl  and  ingenious  investigation  of  the  3940 
disturbances  at  Toronto,  and  the  3470  disturbances  at 
Hobarton^  which  were  included  in  the  cyde  of  6  years  (£rom' 
1343  to  1848),  of  which  the  disturbed  variations  constituted 
the  ninth  and  tenth  parts,  Sabine  was  enabled  to  draw  the 
conclusions^  that  "  the  disturbances  belong  to  a  special  kind 
of  periodically  recurring  variations,  which  follow  recognisable 
laws,  depend  upon  the  position  of  the  sun  in  the  ediptic  and 
upoQ.  the  daily  rotation  of  the  earth  round  its  axis,  and, 
fttrth^,  ought  no  longer  to  be  designated  as  irregular. 
m.otions,  since  we  may  distinguish  in  them,  in  addition  to  a 
special  local  type,  processes  which  a^ect  the  whole  earth.** 
Xjol  those  years  in  which  the  disturbances  were  more  frequent 
at  Toronto,  they  occurred  in  almost  equal  numbers  in  the 
southern  hemisphere  at  Hobarton.  At  the  first-named  of 
these  places  these  disturbances  were,  on  the  whole,  doubly  as 
Sequent  in  the  smnmer,  namely  from  April  to  September,  as  in 
the  winter  months^  from  October  to  March.  The  greatest 
number  fell  in  the  month  of  September,  in  the  same  manner  as 
at  the  aixtunm  equinox  in  my  Berlin  observations  of  1806.^ 
They  are  more  rare  in  the  winter  months  in  all  places ;  at 

.  ?»  Sabine,  in  the  PhU.  TrwMact.for  1851,  pt.i,  pp.  126—127.  "  The 
<2ittmaZ  vouriouion  observed  is  in  fact  constituted  by  two  yariations 
tWj^earpQied  upon  each  other,  having  different  laws,  and  bearing  different 
proportions  to  each  other  in  different  parts  of  the  globe.  At  tropical 
atfttions  the  influence  of  what  have  been  hitiierto  called  the  vrreffvlar 
disturbances  (magnetic  itorms),  is  comparatively  feeble ;  but  it  is  other- 
y^  at  stations  situated  as  are  Toronto  (Canada)  and  Hobarton  (Van 
I)iem6n'B  Island),  where  their  influence  is  both  really  and  proportion- 
ally greater,  and  amounts  to  a  clearly  recognisable  part  of  the  whole 
diurnal  variation."  We  And  here,  in  the  complicated  effect  of  simul- 
taneous but  different  causes  of  motion,  the  same  condition  which  has 
been  so  admirably  demonstrated  by  Poisson  in  his  theory  of  waves 
ULwmlUs  de  Chimie  a  cU  Physiqite,  t.  vii,  1817,  p.  293).  "  Waves  of 
different  kinds  may  cross  each  other  in  the  water  as  in  the  air,  where 
the  smaller  movements  are  Buperposed  upon  each  other."  See  Lament's 
cfnjectures  r^gardiog  the  compound  effect  of  a;pofcir  and  an  e/gykoiorial 
ume,  in  Poggend.  AfimaUn,  Bd.  Ixxxiv,  s.  583. 
78  See  p.  134. 
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Toronto  tkej  occur  less  frequently  from  Noyember  till 
j^ebruarj,  aad  at  Hobarton  fr^  May  till  August.  At  St 
HeleDa  and  at  the  Cape  of  Good  Hope  the  periods,  at  irbicH 
tbe  son  crosses  the  equator,  are  characterised,  according  to 
Youughusband,  by  a  very  decided  frequency  in  the  disturb* 
tinces. 

The  most  important  point,  and  one  which  -was  also  first 
noticed  by  Sabine  in  r^erence  to  this  phenomenon,  is  the 
regularity  with  which,  in  both  hemispheres,  the  disturbances 
pccasion  an  augmentation  in  the  eastern  or  western  variation. 
At  Toronto,  where  the  declination  is  slightly  westward 
{1°  33^),  the  progression  eastward  in  the  summer,  that  is, 
px)m  June  till  September,  pa?epoiiderated  oyer  the  progression 
T^estward  during  the  winter  (from  December  till  April),  the 
VaUo  being  411  :  290.  In  like  manner,  in  Yaii  iHemen's 
jLand,  taking  into  account  the  local  seasons  of  the  year,  the 
winter  months  (from  May  till  August)  axe  characterised  by 
fb  strikingly  diminished  frequency  of  magnetic  storms.^ 
The  co-ordination  of  the  observations  obtained  in  the  course 
of  6  years  at  the  two  opposite  stations,  Toronto  «Bd  Hobar- 
ikon,  led  Sabine  to  the  remarkable  result  that,  from  164:3  to 
1848,  thei^  was  in  both  hemispheres  not  only  an  increase  in 
^  number  of  the  disturbances,  but  also  (even  when,  in  order 
to  determine  the  normal  annus!  mean  of  the  daily  variati(m, 
3469  storms  were  excluded  from  the  calculation^)  that  the 
^pioont  of  total  variation  hem  this  mean  gradually  progressed 
during  the  above-named  five  years  from  7^65  to  10^d8« 
This  increase  was  simultaneously  peroeplible,  not  only  in 
ihe  amplitude  of  the  declination,  but  also  in  the  inclination 
and  in  the  total  terrestrial  force.  This  result  acquired  addi- 
tional importance  from  the  confirmation  and  generalisation 
afforded  to  it  by  Lament's  complete  treatise  (Septemb^^ 
1851)  ''regarding  a  decennial  period,  which  is  pm*ceptible  in 
the  daily  motion  of  the  magnetic  needle."  According  to  the 
Observations  made  at  Grottingen,  Munich,  and  Kremsmiin- 
ster,^  the  mean  amplitude  of  the  daily  declination  attained  its 

.  ^  Sabine,  in  the  Phil.  Franaact.for  1852,  pt  ii,  p.  110  (Tounghusband, 
op.  cit.  p.  169). 

^  According  to  Lamont  and  Belahuber,  the  magnetic  period  is 
10  years  4  months,  so  that  the  amount  of  the  meaa  of  the  diurnal 
motion  of  the  needle  increases  regularly  for  5.  years,  and  decreases  for 
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minimum  between  1843  and  1844^  and  its  maximum  from 
1848  to  1849.  After  the  declination  has  thus  increased  for  5 
years  it  a^n  diminishes  for  a  period  of  equal  lengih,  as  is 
proved  by  a  series  of  exact  horary  observations,  whidi  go  back 
as  far  as  to  a  maximum  in  1786^.^  In  order  to  discover  a 
general  cause  for  such  a  periodicity  in  all  three  elements  of 
telluric  magnetism,  we  are  dispos^  to  refer  it  to  cosmical 
influences.  Such  a  connection  is  indeed  appreciable,  accord* 
ing  to  Sabine's  conjecture,  in  the  alterations  which  take  place 
in  the  photosphere,  that  is  to  say,  in  the  luminous  gaseous 
envelopes  of  the  dark  body  of  the  sun.*  According  to  the 
investigations  which  were  made  throughout  a  long  series  of 
years  by  Schwabe,  the  period  of  the  greatest  and  smallest 
frequency  of  the  solar  spots  entirely  coincides  with  that 
which  has  been  discovered  in  magnetic  variations.  Sabine 
first  drew  attention  to  this  coincidence  in  a  memoir  which 
he  laid  before  the  Eoyal  Society  of  London,  in  Maxch,  1852. 
*' There  can  be  no  doubt,"  says  Schwabe,  in  the  remarks 
with  which  he  has  enriched  the  astronomical  portion  of  the 
present  work,  ^'that,  at  least  from  the  year  1826  to  1850, 
there  has  be^  a  recurring  period  of  about  10  years  in  the 
appearance  of  the  sun's  spots,  whose  maxima  fell  in  the 
years  1828,  1837,  and  1848,  and  the  mioima  in  the  years 
1833  and  1843."^^  The  imporfcant  influence  exerted  by  the 
sun's  body,  as  a  mass,  upon  terrestrial  magnetism  is  confirmed 
by  Sabine  in  the  ingenious  observatioui  that  the  period  at 
which  the  intensity  of  the  magnetic  force  is  greatest,  and  the 
direction  of  the  needle  most  near  to  the  vertical  line,  fieJls, 
in  both  hemispheres,  between  the  months  of  October  and 

the  same  length  of  time;  on  which  account  the  winter  motion  (the 
amplitude  of  declination)  is  always  twice  as  small  as  the  summer  motion 
(see  Lament^  Jahresbericht  der  Stemwarte  su  MUmAenfur  1852,  s.  54 — 
6^0).  The  IMrector  of  the  Observatory  at  Berne,  Rudolph  Wolf,  finds 
by  a  much  more  comprehensiYe  series  of  operations,  that  the  period  of 
magnetic  declination  which  coincides  with  the  frequency  of  the  solar 
spots,  must  be  estimated  at  11.1  years* 

^  Seepage  75. 

»  Sabine,  in  the  Phil,  Transact,  far  1862,  pt.  i,  pp.  103,  121.  See 
the  observations  made  in  July,  1852,  by  Rudolph  Wolf,  above  referred 
to  in  page  76  of  the  present  volume ;  aJso  the  very  similar  conjectures 
of  Gautier,  which  were  published  very  nearly  at  the  same  time  in  th9 
Bibliothique  l/tUveraeUe  de  OetUve,  t  zz,  p.  189. 

8^  Cotmoa,  vol.  iv,  p.  897—400. 
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February ;  that  is  to  say^  precisely  at  the  time  when  the 
earth  is  nearest  to  the  son,  and  moyes  in  its  orbit  with  the 
greatest  velocity.** 

I  have  already  treated  in  the  Picture  of  Nature^  of  the 
simultaneity  of  many  magnetic  storms,  which  are  transmitted 
for  thousands  of  mOes  and  indeed  almost  round  the  entire 
circumference  of  the  earth,  as  on  the  25th  of  September^ 
1841,  when  they  were  simultaneously  manifested  in  Canada, 
Bohemia,  the  Cape  of  Good  Hope,  Yan  Diemen's  Land,  and 
Macao ;  and  I  have  also  given  examples  of  those  cases,  in 
which  the  perturbations  were  of  a  more  local  kind,  passing 
from  Sicily  to  XJpsala,  but  not  from  XJpsala  farther  north  in 
the  direction  of  Alten  and  Lapland.  In  the  simultaneous 
observations  of  declination  which  were  instituted  by  Arago 
«nd  myself  in  1829  at  Berlin,  Paris,  Freiberg,  St.  Peters- 
burg, Oasan,  and  Nikolajew,  with  the  same  Gambey's  instru- 
ments, individual  perturbations  of  a  marked  character  were 
not  transmitted  from  Berlin  as  far  as  Paris,  and  not  on  any 
one  occasion  to  the  mine  at  Freiberg,  where  Beich  was  mak- 
ing a  series  of  subterranean  observations  on  the  magnet. 
Great  variations  and  disturbances  of  the  needle  simultan- 
eously with  the  occurrence  of  the  Aurora  borealis  at  Toronto 
certainly  occasioned  magnetic  storms  in  Kerguelen's  Land, 
but  not  at  Hobarton.  When  'we  consider  the  capacity  for 
penetrating  through  all  intervening  bodies,  which  distin- 
guishes the  magnetic  force,  as  well  as  the  force  of  gravity 
I  Uerent  in  aU  matter,  it  is  oertainly  very  difficmlt  to  form  a 

olear  conception  of  the  obstacles  which  may  prevent  its  trans- 
mission through  the  interior  of  the  earth.  These  obstacles 
are  analogous  to  those  which  we  observe  in  sound-waves,  or 
in  the  waves  of  commotion  in  earthquakes,  in  which  certain 

®  Sabine^  in  the  PkU.  Transact,  for  1850,  pt.  i,  p.  216.  Faraday, 
^per,  Beaearchei  on  Eleciricity,  1851,  pp.  56,  7B,  76,  §  2891,  2949, 
2958. 

^  Cosmog,  vol.  1,  p.  185 ;  Poggend.  AwfiaUn,  Bd.  xv,  b.  334,  335 ; 
Sabine,  UnusiiuU  JHstwh.  vol.  i,  pt.  i,  pp.  ziv — xviii ;  where  tables  are 
given  of  the  omultaneous  storms  at  Toronto,  Prague,  and  Van  Diemen's 
liand.  On  those  days  in  which  the  magnetic  storms  were  the  most 
marked  in  Canada  (as,  for  instance,  on  the  22nd  of  March,  the  10th  of 
j  Hay,  the  6th  of  August,  and  the  25th  of  September,  1841),  the  same 

phenomena  were  observed  in  the  southern  hemisphere  in  Australia. 
See  also  Edward  Belcher,  in  the  Phil.  Tramact.for  1848,  p.  133. 
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spots  which  are  aittiated  near  one  another  ne'^er  expenence 
the  shocks  siinultaneoQalj.^  Is  it  possible  that  eertain  mag- 
netic intersecting  lines  may  hj  their  interveiduon.  oppose  s& 
farther  tnmsinission  F 

We  hare  here  described  the  regular  and  the  apparently 
irregular  motions  presented  by  horizontally  suspended 
needles.  If  by  an  examination  of  the  normal  recurrmg 
motion  of  the  needle  wq  have  been  enabled  from  the  mean 
nombera  of  the  extremes  c^  the  horary  variations  to  ascer 
tain  the  direction  of  the  magnetic  meridian,  in  which  the 
needle  has  Tibrated  equally  to  either  side^  from  one  solstice 
to  another,  the  comparison  of  the  angles  which  the  magnetic 
meridian  describes  at  difSsrent  parallels  with  the  geographic 
cal  meridian  has  led  in  the  first  place  to  the  knowledge  of 
lines  of  variation  of  strikingly  heter<^neoas  valne  (Andrea 
Bianco,  in  1436,  and  Alonzo  de  Santa  Cruz,  cosmographer 
to  the  Emperor  Charles  Y.,  even  attempted  to  lay  down 
these  lines  upon  charts)  ;  and  more  recently  to  the  auecesa- 
fol  generalization  of  isotonic  eurvesy  line*  cf  equal  variaium, 
which  British  seamen  have  long  been  in  the  habit  of  grate- 
fully designating  by  the  historical  name  of  Sallet/*s  lin^. 
Among  the  variously  curved  and  diffevmtly  arranged  closed 
systems  of  isogonic  Imes,  which  are  sometimes  almost  parallel, 
and  more  rarely  re-enter  themselves  so  as  to  form  oval 
dosed  systems,  the  greatest  attention  in  .a  physical  point 
of  view  is  due  to  those  lines,  on  which  the  variation  is  null, 
and  on  both  sides  of  which  variations  of  opposite  denomina- 
tionst  prevail,  which  increase  une<|ually  with  the  distance;?^ 
I  have  already  elsewhece  shown  how  the  first  discovery 
made  by  Columbus  on  the  13th  of  September,  1492,  of  » 
line  of  no  vwriation  in  the  Atlantic  Ocean,  gave  an  impetus 
to  the  study  of  terrestrial  magnetism,  which,  however,  con- 
tinued for  two  centuries  and  a  half  to  be  directed  solely  to 
the  discovery  of  better  methods  for  obtaining  the  shipV 
reckoning. 

However  much  the  higher  scientific  education  of  marinexp 
in  recent  times  and  the  improvement  of  instruments  affi.d 
methods  of  observation  have  extended  pur  knowledge  of 

•*  Cosmos,  T6l  i,  p.  208. 

'»  Op.  cit.  vol.  i,  pp.  187— 1S%  voL  a,  pp;  §67-^69  «Bd  pp.  52^0 
of  the  present  volomek  ..  ...i 
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indiTidnal  poitions  of  lines  of  no  tBjiation  in  Nortnem 
Asia,  in  the  Indian  Archipelago  and  the  Atlantic  Ocean, 
-we  have  stlH  to  regret,  that  in  this  department  of  our 
knowledge,  where  the  necessity  of  cosmical  elucidation  is 
strongly  felt,  the  progress  has  been  tardy  and  the  resolta 
deficient  in  generalization.  I  am  not  ignorant  that  a  lai^ 
number  of  observations  of  accidental  crossings  of  tinea  of  no 
variation  have  been  noted  down  in  the  logs  of  various  shipa^ 
but  we  are  deficient  in  a  comparison  and  co-ordination  of 
the  materials,  which  cannot  acquire  any  importance  in  re- 
ference to  this  object  or  in  respect  to  the  position  of  the 
magnetic  equator,  until  individual  ships  shall  be  despatched 
to  different  seas  for  the  sole  purpose  of  uninterrupt^y  fol- 
lowing these  lines  throughout  their  course.  Without  a 
simultaneity  in  the  observations,  we  can  have  no  history  of 
terrestrial  magnetism.  I  here  merely  reiterate  a  regret 
which  I  have  often  previouriy  expressed.* 

^  At  very  different  periods,  once  in  1809,  in  my  JUtmeU  cPOhserv. 
Aatron.  vol.  i,  p.  368,  and  again,  in  1839,  when,  in  a  letter  addtessed  to 
tbe  Earl  of  Minto,  then  I^rst  Lord  of  the  Admiralty,  a  few  days  before 
the  departure  of  Sir  James  Ross  on  his  Antarctic  expedition,  I  endea- 
voured more  folly  to  develope  the  importance  of  the  proposition  ad- 
vanced in  the  text  (see  Eepert  qfthe  Committee  of  Physics  and  Meteor,  of 
Ike  Royal  Soc  relative  to  the  Antaaatie  Exped,  1840,  pp.  88>-91).  "  In 
order  to  follow  the  indicationa  of  the  magnetio  equator  or  those  of  the 
lines  of  no  "variation,  the  8hip%  courae  must  be  maide  to  cross  the  lines  0 
at  yery  small  distances^  the  bearings  being  changed  each  time  that  obser- 
vati^QS  of  iacUnation  or  of  dedinatioA  show  tlukt  the  ship  has  deviated 
from  these  pointa  I  am  well  aware  that,  in  accordance  with  the  com- 
prehensiTe  views  of  the  true  basift  lor  ^  general  theory  of  terrestrial  mag- 
netism, which  we  owe  ta  Q^auas,  a  thorough  knowledge  of  the  horizon' 
taZ  intensity,  and  the  choice  of  the  points  at  which  the  three  elements  of 
declination,  inclination,  and  total  intensity  have  all  been  simultaneously 

measured,  suffice  for  findii^  tke  value  of  -^  (Gauss,  §  4  and  27),  and 

that  these  are  the  essential  points  for  future  investigations;  but  the 
'sum  total  of  the  8mallloe<d  attractions,  the  requirements  of  steering 
ships,  the  ordinary  correction^  of  the  compass,  and  the  safety  of  navi- 
gation continue  to  impart  jspecisl  importance  to  l^e  knowledge  of  the 
position,  and  to  the  xiloveiiiients  of  the  periodic  translation  of  Unes  ofiu> 
variation.  1  here  plead  the.  cause  bf  these  various  requirements,  whieh 
are  intimately  connected  with^he  ^terests  of  physical  geography." 
Hany  years  must  still  pass  before  seamen  can  be  enabled  to  guide  ^le 
ship's  course  by  charts  of  yarmtion,  Constructed  in  accordance  with  tto 
theory  of'terrestrial  magnetism  (Sabine,  in  the  Pkil.  Tra/nsa>ct.for  1849, 
pt.  ii,  p.  204),  and  the  wholly  objeclire  view  directed  to  actual  obsM^ 
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According  to  the  facts  which  we  already  generally  know 
concerning  the  position  of  lines  of  no  yaiiation,  it  would 
appear  that  instead  of  the  four  meridian  systems  which  were 
belieyed  at  the  end  of  the  16th  century  to  extend  from  pole 
to  pole,"*  there  are  probably  three  very  differently  formed 
systems  of  this  kind,  if  by  this  name  we  designate  those 
groups  in  which  the  line  of  variation  does  not  stand  in  any 
direct  connection  with  any  other  line  of  the  same  kind,  or 
cannot,  in  accordance  with  the  present  state  of  our  know- 
ledge, be  regarded  as  the  continuation  of  any  other  line.  Of 
these  three  systems  which  we  will  separately  describe,  the 
middle,  or  Atlantic,  is  limited  to  a  single  line  of  no  varia- 
tion, inclining  from  SS.E.  to  NN.W.  between  the  ])arallels 
of  65°  south  and  67^  north  latitude.  The  second  system, 
which  lies  fully  150°  farther  east,  occupying  the  whole  of 
Asia  and  Australia,  is  the  most  extended,  and  most  compli- 
cated of  all,  if  we  merely  take  into  account  the  points  at 
which  the  line  of  no  variation  intersects  the  geographical 
equator.  This  system  rises  and  falls  in  a  remarkable  manner, 
exhibiting  one  curvature  directed  southward  and  another 

tion,  whicb  I  would  here  advocate,  Would,  if  it  led  to  periodically- 
repeated  determinations,  and  consequently  to  expeditions  prosecuted 
<imultaneously  by  land  and  sea^  in  accordance  with  some  preconcerted 
plan,  give  the  double  advantage  of,  in  the  first  place,  yieldmg  a  direct 
practical  application  and  affording  us  a  correct  knowledge  of  the  annual 
progressive  movement  of  these  lines ;  and  secondly,  of  supplying  many 
new  data  for  the  further  development  of  the  theory  enounced  hy  Gauss 
^GausB,  §  25).  It  would,  moreolWTST^tly  facilitate  the  accurate  deter- 
mination of  the  progreition  of  the  two  linet  of  no  mclmatixm  and  no  varU 
turn,  if  landmarRS  could  be  established  at  those  points,  where  the  lines 
enter  or  leave  continents  at  stated  intervals,  ^as,  for  instance,  in  the 
years  1850,  1875, 1900.  ....  In  expeditions  of  this  kind,  which 
would  be  similar  to  those  undertaken  by  Halley,  many  isoclinal  and 
isogonic  systems  would  necessarily  be  intersected  before  the  lines  of  no 
^declination  and  no  inclination  could  be  reached,  and  by  this  means  the 
horizontal  and  total  ixitensities  might  be  measured  along  the  coasts,  so 
that  several  objects  would  thus  be  simultaneously  attamed.  The  views 
which  I  have  here  expressed  are,  I  am  happy  to  find,  supported  by  a 
very  great  authority  in  nautical  questions,  viz.  Sir  James  Boss.  (See,  his 
Voyage  in  the  Southern  and  Antarctic  Regions,  vol  i,  p.  105.) 

'^  Aoosta,  Sutoria  de  las  Indias,  1590,  lib.  i,  cap.  17.  I  have  already 
considered  the  question  whether  ike  opinion  of  Dutch  navigators  re- 
garding the  existence  of  four  lines  of  no  variation  may  not,  through  the 
differences  between  Bond  and  Beckborrow,  have  had  some  influence  on 
fbklley's  theory  of  four  magnetic  poles  {Cosmos,  vol.  ii,  p.  658) 
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northward;  indeed  it  is  so  strongly  curved  at  its  nortH- 
eastem  extremity  that  the  line  of  no  variation  forms  an 
ellipse^  surrounding  those  lines  which  rapidly  increase  in 
vai'iation  from  without  inwards.  The  most  westerly  and 
the  most  easterly  portions  of  this  Asiatic  curve  of  no  "viaria- 
tion,  incline  like  the  Atlantic  line  from  south  to  north,  and 
in  the  space  between  the  Caspian  Sea  and  Lapland  even  &om 
SS.K  to  NKW.  The  third  system,  that  of  the  Pacific, 
which  has  been  least  investigated,  is  the  smallest  of  all,  and 
lying  entirely  to  the  south  of  the  geographical  equator  forms 
^most  a  closed  oval  of  concentric  lines,  whose  variation  is 
opposite  to  that  which  we  observe  in  the  north-eastern  part 
of  the  Asiatic  system,  and  decreases  from  without  inwards. 
If  we  base  our  opinion  upon  the  magnetic  declination  ob- 
served on  the  coast,  we  find  that  the  African  continent*  only 
presents  lines  which  exhibit  a  western  variation  of  from  6** 
to  29° ;  for  according  to  Purchas,  the  Atlantic  line  of  no 
variation  left  the  southern  point  of  Africa  (the  Cape  of  Good 
Hope)  in  the  year  1605,  inclining  further  from  east  to  west. 
The  possibility,  that  we  may  discover  in  some  part  of  Central 
Africa  an  oval  group  of  concentric  lines  of  variation,  decreas- 
ing to  0°,  and  which  is  similar  to  that  of  the  Pacific,  can 
neither  be  asserted  or  denied  on  any  sure  grounds. 

The  Atlantic  portion  of  the  American  curve  of  no  varia- 
tion was  accurately  determined  in  both  hemispheres  for  the 
year  1840,  by  the  admirable  in^g^igations  of  General  Sabine 
who  employed  1480  observations,  and  duly  took  into  account 
the  secular  changes.  It  passes  in  the  meridian  of  70°  S.  lat., 
and  about  19°  W.  long.,"®  in  a  NN.W.  direction,  to  about 

®  In  the  interior  of  Africa,  the  isogonic  line  of  22*  15'  W.  is  espe- 
cially deserving  of  careful  cosmical  investigation,  as  being  the  interme- 
diate line  between  very  different  systems,  and  as  proceeding  (lu^cord- 
ing  to  the  theoretical  views  of  Gauss),  from  the  Eastern  Indian  Ocean, 
straight  across  Africa  on  to  Newfoundland.  The  very  comprehensive 
plan  of  the  African  expedition,  conducted  by  Richardson,  Barth,  and 
Overweg,  under  the  orders  of  the  British  Government,  may  probably 
lead  to  the  solution  of  such  magnetic  problems. 

^  Sir  James  Ross  intersected  the  curve  of  no  variation  in  61*  80'  S. 
lat  and  27"  10'  W.  long.  ( Voyage  to  the  Southern  Seas,  vol.  ii,  p.  357), 
Captain  Crozier  found  the  variation  in  March,  1843,  1*"  38'  in  70"  43'  S. 
lat.  and  21*  28'  W.  long.,  and  he  was  therefore  vexy  near  the  line  of  no 
variation.  See  Sabine,  On  the  Magn,  Declination  in  the  Atlantic  Ocean 
for  1840,  in  the  Phil  Transact,  for  1849,  pt.  ii,  p.  233. 
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-3°  east  of  Cook's  Sandwich  Laad,  and  to  about  9""  30^  east 
of  South  Georgia ;  it  then  approaches  the  Brazilian  coast, 
-which  it  enters  at  Cape  Frio  2°  east  of  Bio  Janeiro  and  tra- 
verses the  southern  part  of  the  New  Continent  no  farther 
than  0^  36'  S.  lat.,  where  it  a^ain  leaves  it  somewhat  to  the 
east  of  Gran  Para,  near  Cape  Tigioca  on  the  Bio  do  Para, 
one  of  the  secondary  outlets  of  the  Amazon,  crossing  the 
geographical  equator  in  47°  44'  W.  long.,  then  skirting  along 
the  coast  of  Guiana  at  a  distance  of  eighty-eight  geogra- 
phical miles  as  far  as  5°  N.  lat.,  and  afterwards  following  the 
arc  of  the  small  Antilles  as  £Bbr  as  the  parallel  of  18^,  and 
finally  touching  the  shore  of  North  Carolina  near  Cape 
Lookout,  south-east  of  Cape  Hattaras  in  34°  50'  N.  lat., 
74°  8'  W.  long.  In  the  interior  of  North  America,  the 
curve  follows  a  north-western  direction  as  far  as  41°  30'  N. 
lat.,  77°  38'  W.  long.,  towards  Pittsbuigh,  Meadville,  and 
Lake  Erie.  We  may  conjecture  that  it  has  advanced  very 
nearly  half  a  d^ree  farther  west  since  1840. 

The  Australo-Asiatic  curve  of  no  variation  (if  according 
to  Erman  we  consider  the  part  which  rises  suddenly  from 
Kasan  to  Archangel  and  Bussian  Lapland  as  identical  with 
the  part  in  the  sea  of  Molucca  and  Japan)  can  scarcely  be 
followed  as  far  as  62°  in  the  southern  hemisphere.  This 
.  starting  point  lies  ferther  west  from  Van  Diemen's  Land  than 
had  hitherto  been  conjectured,  and  the  three  points,  at  which 
Sir  James  Boss  crossed  the  curve  of  no  variation  on  his  Ant- 
arctic voyage  of  discovery  in  1840  and  1841,**  are  all  situated 
in  the  parallels  of  62°,  54°.  30,  and  46°,  between  133°  and 
135°  40'  E.  long.  ;  a;nd  therefore  mostly  in  a  meridian-like 
direction  rooning  from  south  to  north.  Li  its  further  course, 
the  curve  crosses  Western  Australia  from  the  southern  coast 
of  Nuyts'  Land  about  10°  W.  of  Adelaide  to  the  northern 
coast  near  Yansittart  river  and  Mount  Cockburn,  from 
whence  it  enters  the  sea  of  the  Indian  Archipelago  in  a  region 
of  the  world,  in  which  the  inclination,  declination,  total  in- 
tensity, and  the  maximum  and  minimum  of  the  horizontal 
force  were  investigated  by  Captain  Elliot  from  1846  to  1848, 
with  more  care  than  has  been  done  in  any  other  portion  of 
the  globe.    Here  the  line  passes  south  of  Elores  and  through 

^  Sir  Jamei  Boss,  Qp,  cU,  voL  i,  pp.  104,  810,  817. 
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I&e  interior  of  the  smaU  Sandal-wood  Island,'^  in  a  direct 
east  and  west  direction  fvmi  about  120''  30'  to  93""  80"  1&, 
long.,  aa  had  be^  accurately  demonstrated  sixteen  years 
before  by  Barlow,  From  the  last  named  meridian  it  ascends 
towards  the  north-west  in  9°  30'  S.  lat.,  judging  by  the  posi- 
tion in  which  Elliot  followed  the  curve  of  1°  eaat  yariation 
to  Madras.  We  are  not  able  here  to  decide  definitely  whether^ 
carosfling  the  equator  in  about  the  meridian  of  Uevlon^  it 
enters  the  continent  of  Asia  between  the  Gulf  of  Camb^  and 
O^uzurat,  or  fiwther  w^t  in  the  Bay  of  Muscat,**  and  whether, 
.therefore,  it  is  identical^  with  the  curve  of  no  variation^ 
•which  appears  to  advance  southward  from  the  basin  of 
the  Caspian  Sea ;  or  whether,  as  Erman  maintains,  it  may 
tiot  curve  to  the  eastward,  and  rising  between  Borneo  and 
Makeoa,  reach  the  Sea  of  Japao,^  and  penetrate  into  Eastern 

«  BiUot,  in  the  PkU,  Tranaad.  for  1«61,  pt  i,  p.  881,  pL  %m.  The 
long  and  nsrrow  small  island  f  roia  wliioh  we  obtain  ike  sandalwood 
■{t8ehmda/Mk,  Malay  and  Java,  tsckcindanaf  Sanscrit,  fsanchlj  Arab). 

^  92  According  to  Barlow,  and  the  chart  of  Lines  of  Magnetic  Declma- 
ticns  computed  according  to  the  theory  of  Mr.  Qauss,  in  the  Report  of  the 
Committee  for  the  Antarctic  Eiicpedition^  1840.  According  to  Barlow  the 
line  of  no  variation  proceeding  from  Australia  enters  the  Asiatic  Con- 
tinent at  the  Bay  of  Cambay,  but  turns  inimediately  to  the  north-east, 
across  Thibet  and  China,  near  Thaiwan  (Formosa),  from  whence  it 
enters  the  Sea  of  Japan.  According  to  Qauss,  the  Australian  line 
ascends  merely  through  Persia,  past  Nishnei-Kowgorod  to  Lapland. 
This  great  geometrician  regards  ilxe  Japan  and  Philippine  line  of  no 

.  variation,  as  well  as  the  closed  oval  group  in  Eastern  Asia,  as  entirely 
independent  of  the  line  belonging  io  Australia,  the  Indian  Ocean, 
Western  Asi^,  and  Lapland. 
^  I  have  already  elsewhere  spoken  of  this  identity,  which  is  based  upon 

.  my  own  decimation-observations  in  the  Caspian  Sea,  at  Uralsk  on  the 

.  jaik,  and  in  the  Steppe  of  Elton  Lake  {Asie  CentraXe,  t.  iii,  pp.  458 — 461). 
^  Adolf  Erman's  Ma^  of  the  Magnetic  Dedinatim,  1827  — 1830. 

LSlliot's  chart  shows,  however,  most  distinctly  that  the  Australian  curve 
of  no  variation  does  not  intersect  Java,  but  runs  parallel  with,  and  at  a 

.  distance  of  1°  80'  latitude  from  the  southern  coast.  Since,  according 
to  Erman,  although  not  according  to  Oauss,  the  Australian  line  of  no 
variation  between  Malacca  and  Borneo  enters  the  Continent  through 
the.  Japanese  Sea,  proceeding  to  the  closed  oval  group  of  Eastern  Asia, 

.  on  i^e  Qorthem  coast  of  the  Sea  pf  Ochotsk  (59°  30'  N.  lat),  and  again 
descendis  ihrongh  ]falacca>y  the  ascending  line  can  only  be  11*  distant 
fscQm  the  descending  curve ;  and  according  to  this  graphical  representa- 
tion, the  Western  Asiatic  Ime  of  no  variauon  (from  the  Caspian  Sea  to 
Russian  Lapland)  would  be  the  shortest  and  most  direct  prolongation 
of  the  part  deflce^di^g  from  nQrf^  to  soath. 

l2 
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Asia  througli  the  Golf  of  Ochotsk.  It  is  much  to  be  lamente<^ 
that  notwithstanding  the  frequent  yoyages  made  to  and  from 
India,  Australia,  the  Philippines,  and  the  north-east  coasts 
of  Asia,  a  vast  accumulation  of  materials  should  remain 
buried  and  unheeded  in  various  ships'  logs,  which  might 
otherwise  lead  to  general  views^  by  which  we  might  be  en« 
abled  to  connect  Southern  Asia  with  the  more  thoroughly 
explored  parts  of  Northern  Asia  and  thus  to  solve  questions 
which  were  started  as  early  as  1840.  In  order,  there- 
fore^  not  to  blend  together  known  facts  with  uncertain  hypo* 
theses,  I  will  limit  myself  to  the  consideration  of  the  Siberian 
portion  of  the  Asiatic  continent,  as  far  as  it  has  been  ex- 
plored in  a  southerly  direction  to  the  parallel  of  45°  by  Ennan, 
Hansteen,  Due,  Kupffer,  Fuss,  and  myself  In  no  other  pari 
of  the  earth  has  so  extended  a  range  of  magnetic  lines  been 
accessible  to  us  in  continental  regions ;  and  the  importance 
which  European  and  Asiatic  Bussia  presents  in  this  respect 
was  ingeniously  conjectured  even  before  the  time  of  Leib* 
nitz.* 

^  I  drew  attention  as  early  as  1843  to  the  £m^  which  I  had  asoer^ 
tained  from  documents  preserved  in  the  Arduves  of  Moscow  and 
Hanover  {Ane  CentnUe,  t.  iii,  pp.  469—476),  that  Leibnitz^  who  con- 
structed the  first  plan  of  a  French  expedition  to  BsQmt,  was  also  the  first 
who  endeavoured  to  profit  by  the  relations  which  the  Czar,  Peter  the 
Great,  had  established  with  (Germany  in  1712,  by  using  his  influence  to 
secure  the  prosecution  of  observations  for  **  determining  the  position  of 
the  lines  of  variation  and  inclination,  and  for  insuring  that  these  observa> 
tions  should  be  repeated  at  certain  definite  epochs'*  in  different  parts  of 
the  Russian  empire,  whose  superficies  exceed  those  of  the  portions  of 
the  moon  visible  to  us.  Li  a  letter  addressed  to  the  Czar,  discovered 
by  Fertz,  Leibnitz  describes  a  small  hand-globe,  or  terreUa,  which  is 
still  preserved  at  Hanover,  and  on  which  he  had  represented  the  curve 
at  which  the  variation  is  null  (his  limea  magnetica  primaria),  Leibnita 
maintains  that  there  is  only  (me  line  of  no  variation,  which  divides  the 
terrestrial  sphere  into  two  almost  equal  parts,  and  has  four  ptmcfa 
flexus  contrarU,  or  sinuosities,  where  the  curves  are  changed  from  con* 
vex  to  concave.  From  the  Cape  do  Yerd  it  passes  in  lat.  36*  towards 
the  eastern  shores  of  North  America,  after  which  it  directs  its  course 
through  the  South  Pacific  to  Eastern  Asia  and  New  Holland.  This  line 
is  a  closed  one,  and  passing  near  both  poles,  it  approaches  closer  to  the 
southern  than  the  northern  pole ;  at  the  latter,  the  declination  must 
be  25^  west,  and  at  the  former  only  5*.  The  motion  of  this  important 
curve  must  have  been  directed  towards  the  north  pole  at  the  beginning 
of  the  18th  centuxy.  The  variation  must  have  ranged  between  0**  and 
15*  east  over  a  great  portion  of  the  Atlantic  Ocean,  the  whole  of  the 
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In  order  to  follow  the  usual  direction  of  Siberian  expedi* 
lions  from  west  to  east,  and  starting  from  Europe,  we  will 
begin  with  the  northern  part  of  the  Caspian  Sea.  Here,  in 
the  small  island  of  Birutschikassa,  in  Astracan,  on  Lake  Elton, 
in  the  Kiighis  steppe,  and  at  Uralsk,  on  the  Jaik,  between 
45^  43'  and  51^  12' N.  lat.,  and  46^  37'  and  SV  W  K  long.,  the 
Tariation  fluctuates  from  0**  KV  east  to  0°  37'  west**  Farther 
northward,  this  line  of  no  variation  inclines  somewhat  more 
towards  the  north-west,  passing  near  Nishnei-Nowgorod." 
In  the  year  1828  it  passed  between  Osablikowo  and  Doskiao 
in  the  parallel  of  5^"^  N.  lat.  and  43°  E.  long.  It  becomes 
elongated  in  the  direction  of  Bussian  Lapland  between 
Archangel  and  Kola,  or  more  accurately  acx^ording  to  Han- 
ateen  (1830)  between  Umba  and  Ponoi"^  It  is  not  until  we 
have  passed  oyer  nearly  two-thirds  of  the  greatest  breadth 
of  Northern  Asia,  advancing  eastward  to  the  latitudes  of 
from  50°  and  60°  (a  district  in  which  at  present  the  variation 
is  entirely  easterly),  that  we  reach  the  line  of  no  variation, 
which  in  the  north-eastern  part  of  the  Lake  of  Baikal,  rises 
to  a  point  west  of  Wiluisk,  which  reaches  the  latitude  of  68°9 
in  the  meridian  of  Jakutsk  129°  50'  E  long.,  forming  at 
this  point  the  outer  shell  of  the  eastern  group  of  oval  con- 
centric lines  of  variation,  to  which  we  have  frequently  re- 
ferred, again  sinkiog  in  the  direction  of  Ochotsk  in  143°  10' 
£.  long.,  intersecting  the  arc  of  the  Kurile  Islands,  and 
penetrating  into  the  southern  part  of  the  Japanese  Sea. 
AU  the  curves  of  from  5°  to  15°  eastern  variation  which  oc- 
cupy the  space  between  the  lines  of  no  variation  in  Western 
and  Eastern  Asia,  have  their  concavities  turned  northward. 
The  maximum  of  their  curvature  falls,  according  to  Erman, 
in  80°  E.  long.,  and  almost  in  one  meridian  between  Omsk 

Pacific,  Japan,  a  part  of  China,  and  New  Holland*  ''  As  the  Czar'a 
fffivate  physician,  Donelli,  is  dead,  it  would  be  advisable  to  supply  his 
place  by  some  one  else,  who  will  be  disposed  to  administer  very  little 
medicine,  but  wbo  may  be  able  to  give  sound  scientific  advice  regarding 
determinations  of  magnetic  declination  and  inclination."  •  •  •  • 
These  hitherto  unnoticed  letters  of  Leibnitz  certainly  do  not  express 
any  special  theoretical  views. 

^  See  my  Magnetic  Observations,  in  Am  CentrdU,  t.  iii,  p.  460. 

^  Erman,  Aatron,  wnd  Magnet.  BeobadUwigen  (ReUe  vm  die  Erde, 
Abth.  a,  Bd.  2,  s.  682. 

•*  Hansteen^  in  Poggend.  Arhn.'Bd.  xxi,  8.  871. 
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and  Tomsk,  and  are  therefore  not  r&ey  diff^^nt  from  the 
meridian  of  the  sottthem  extremitjr  of  the  peninsala  c^  Hin* 
dostan.  The  axis  major  of  the  closed  otbI  group  extends 
28°  of  latitude  as  ^  as  Corea. 

A  similar  configuration^  although  on  a  still  larger  seal% 
is  exhibited  in  the  Pacific.  The  closed  curves  here  form  an 
oral  between  2(f  N.  lat.  and  42**  S.  lat.  The  axis  major 
lies  in  130^  W.  long. ,  That  "Which  most  especiallj  distin- 
guishes this  singular  group  fthe  greater  portion  of  which 
belongs  to  the  southern  hemisphere  and  exduaiTelj  to  the. 
sea)  from  the  continent  of  Es^tem  Asia  is,  as  has  been, 
already  obserred^  the  relative  succession  in  the  value  of  the> 
curves  of  variation.  In  the  former,  the  eastern  variatiaat. 
diminishes,  whilst  in  the  latter  the  western  variation  in^ 
creases  the  farther  we  penetrate  into  the  intador  of  the  ovaL 
The  variation  in  the  interior  of  this  closed  group  in  the 
southern  hemisphere  amounts,  however,  as  far  as  we  know, 
only  to  from  8°  to  5°.  Is  it  likely  that  there  is  a  ring  of 
southern  variation  within  the  oval^  or  that  we  should  agatik- 
meet  with  western  variation  £3brther  to  the  interior  of  thiai 
closed  line  of  no  variation  P 

Curves  of  no  variation,  like  all  magnetic  lines,  have  their 
6"^ni  history,  which,  however,  does  not  as  yet  unfortunately 
date  f\irther  back  than  two  centuries.  Scattered  notkeft 
may  indeed  be  met  with,  as  ^rly  even  as  in  the  14th  jond 
}5th  centuries,  and  here  again  Haosteen  has  the  great  merilf^ 
of  having  collected  and  <mr^aUy  compared  together  all  thu 
various  data.  It  wouM  appear,  that  the  northern  magnetic 
pole  is  moving  from  west  to  east,  and  the  southern  magnetia 
pole  ifrom  east  to  west ;  accurate  observations  show  us>  how-* 
ever,  that  the  different  parte  of  the  isogonic  curves  are  proi 
gressing  very  irregularly,  and  that  where  they  were  parallel 
they  are  losing  their  parallelism ;  and  lastly  that  the  doibaiii 
of  the  declination  of  one  denomination,  that  is  to  say,  east 
or  west  declination,  is  enlarging  and  contracting  in  very 
different  directions  in  contiguous  parts  of  the  es^L  The 
lines  of  no  variation  in  Western  Asia  and  in  the  Atlantic 
are  advancing  from  east  to  west ;  the  former  line  having 
crossed  ToboSk  in  1716,  while  in  1761,  in  Chappe's  time,  it 
crossed  Jekatherinenburg  and  subsequently  Kasan,  and  in 
1829  it  was  found  to  l»ve:  paused  between  Osablikowo  and 
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Boskino,  nocfc  far  from  Nishneinowgorod,  and  conseqnentlj 
had  advanced  24°  45'  vestivard  in  the  course  of  113  years. 
Is  the  line  of  the  Azores,  which  Christopher  Colmnbtis  deter- 
mined on  the  13th  of  September,  1492,  the  same,  which, 
according  to  the  observations  of  Davis  and  Keeling,  in  1607, 
passed  through  the  Cape  of  Good  Hope  F**  and  is  it  identical 
with  the  one  which  we  designate  as  the  Western  Atlantic, 
and  which  passes  from  the  mouth  of  the  river  Amazon  to 
the  sea-coast  of  North  Carolina  ?  if  it  be,  we  are  led  to  ask 
what  has  become  of  the  line  of  no  variation  which  passed  in 
1600  through  Konigsbeig,  in  1620  (?)  through  Copenhagen, 
from  1657  to  1662  through  London,  and  which  did  not,  ac- 
cording to  Picard,  reach  Paris,  notwithstanding  its  more 
eastern  longitude,  xmtil  1666,  passing  through  Lisbon  some- 
what before  1668  ?  "*  Those  points  of  the  earth  at  which 
no  secular  progression  has  been  observed  for  long  periods  of 
time  are  especially  worthy  of  our  notice.  Sir  John  Herschel 
has  already  drawn  attention  to  a  corresponding  long  period 
of  cessation  in  Jamaica,^  while  Euler*  and  Barlow^  refer  to  a 
similar  condition  in  Southern  Australia^ 

Polar  Light 

We  have  now  treated  fully  of  the  three  elements  of  ter- 
restrial magnetism  in  the  three  principal  types  of  its  mam. 
festation,  namely,  Litensity,  Inclination  and  Declination,  in 
reference  to  the  movements  which  depend  upon  geographical 
relations  of  place,  and  diurnal  and  annual  periods.  The  ex- 
traordinary disturbances  which  were  first  observed  in  the  dip, 
are  as  Halley  conjectured,  and  as  Dufay  and  Hi5rter  recog^' 
nised,  in  part  forerunners,  and  in  part  accompaniments  of  the 

^  Sabine,  Magn.  and  Meteor.  Observ,  at  the  Cape  ofOood  Hope,  vol.  i, 
p.  bL. 

^^  In  judging  of  the  approximate  epochs  of  the  crossing  of  the  line  of  ^ 
no  variation,  and  in  endeavouring  to  decide  upon  the  claim  of  priority 
in  this  respect,  we  must  bear  in  mind  how  r^ily  an  error  of  1*  may ' 
have  been  made  with  the  InBtruments  and  methods  tiien  in  uie* 

^  Cotmo$y  vol.  i,  p.  174. 

>  Euler,  in  the  Uint,  de  VAead,  de  BerUn,  1757,  p.  176.  ^ 

*  3Bariow,  in  tiie  Phil  TnmMct.  for  1838,  pt.  ii,  p.  671.    Great  un-  • 
certainty  prevails  regarding  the  older  magnetic  observations  of  St. 
Petersburg  during  the  first  half  of  the  18th  century.    The  variation  * 
sdems  to  have  been  always  S"*  15'  or  3*  30'  from  1726  to  1772  f    Han- 
ateen,  MagneUsmus  der  Erde,  s.  7,  p.  148*  ^ 
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xnagnetic  polar  light.  I  have  already  fully  treated,  in  the 
Picture  of  Nature,  of  the  peculiarities  of  this  luminous  pro- 
cess, which  is  often  so  remarkable  for  the  brilliant  display  of 
colours  with  which  it  is  accompanied ;  and  more  recent  ob* 
servations  have  in  general  accorded  with  the  views  which 
I  formerly  expressed,  "The  Aurora  borealis  has  not  been 
described  merely  as  an  external  cause  of  a  disturbance  in  the 
equilibrium  of  the  distribution  of  terrestrial  magnetism,  but 
rather  as  an  increased  manifestation  of  telluric  activity, 
amounting  even  to  a  luminous  phenomenon,  exhibited  on  the 
one  hand,  by  the  restless  oscillation  of  the  needle,  and  on  the 
other,  by  the  polar  luminosity  of  the  heavens."  The  polar 
light  anpears  in  accordance  with  this  view  to  be  a  kind  of 
silent  discharge  or  shock  as  the  termination  of  a  magnetic 
storm,  very  miich  in  the  same  manner  as  in  the  electric  shock, 
the  disturbed  equilibrium  of  the  electricity  is  renewed 
by  a  development  of  light  by  lightning,  accompanied  by 
pealing  thunder.  The  reiteration  of  a  d^nite  hypothesis  in 
the  case  of  a  complicated  and  mysterious  phenomenon  has  at 
all  events  the  advantage  of  giving  rise  with  a  view  to  its 
refutation  to  more  persistent  and  careful  observations  of  the 
individual  processes.* 

Dwelling  only  on  the  purely  objective  description  of  these 
processes,  which  are  mainly  based  upon  the  materials  yielded 
by  the  beautiful  and  unique  series  of  observations,  which  were 
continued  without  intermission  for  eight  months  (1838, 1839), 
— during  the  sojourn  of  the  distinguished  physicists,  Lottin, 
Bravais  and  Siljestrom — in  the  most  northern  parts  of  Scandi- 
navia,' we  will  first  direct  our  attention  to  the  so-called  black 
segment  of  the  Aurora,  which  rises  gradually  on  the  horizon 
like  a  dark  wall  of  clouds.^    The  blackness  is  not,  as  Argel* 

*  CoamoSf  voL  i,  pp.  187 — 199,  and  Dove,  in  Poggend.  Annalen,  Bd. 
six,  8.  388. 

'  The  able  narrative  of  Lottin,  Bravais,  Lilliehook,  and  Siljestrom, 
who  observed  the  phenomena  of  the  northern  light  firom  the  19th  of 
September,  1838,till  the  8th  of  April,  1839,  at  Bossekop  (69<*  58'N.lat.) 
in  Finmark  and  at  Jupvig  (70^  6'  N.  lat.)  was  published  in  the  fourth 
section  of  Voyages  enSccmdinavief  en  Laponie,  au  Spitd>erg  et  aux  Feroii, 
9wr  la  Corvette,  la  Recherche  {Avrores  borSaZei).  To  these  observations 
are  appended  important  results  obtained  by  the  English  superintend 
dent  of  the  copper  mines  at  Kalfiord  (69*  56'  N.  lat.),  pp.  401 — 485. 

®  See  the  work  above  referred  to  (pp.  437 — 444)  for  a  description  of 
the  Segment  obscure  de  VAwnyre  horiale. 


POLAl  LIGHT.  153 

«nder  observes,  a  mere  resalt  of  contrast,  since  it  is  occasionallj 
visible  before  it  is  bounded  by  the  brightly  illuminated  arch. 
It  must  be  a  process  effected  within  some  part  of  the  atmo- 
sphere, for  nothing  has  hitherto  shown  that  the  obscuration 
is  owing  to  any  material  blending.  The  smallest  stars  are 
visible  through  the  telescope  in  this  black  s^ment,  as  well 
as  in  the  coloured  illuminated  portions  of  the  fully  developed 
Aurora.  In  northern  latitudes,  the  black  segment  is  seen  far 
less  frequently  than  in  more  southern  r^ons.  It  has  even 
been  found  entirely  absent  in  these  last  named  latitudes  in 
the  months  of  February  and  March,  when  the  Aurora  was 
frequent  in  bright  dear  weather ;  and  Keilhau  did  not  once 
observe  it  during  the  whole  of  a  winter,  which  he  spent  at 
Talwig  in  Lapland.  Argelander  has  shown  by  accurate  deter- 
mination of  the  altitudes  of  stars,  that  no  part  of  the  polar 
light  exerts  any  influence  on  these  altitudes.  Beyond  the 
segment,  there  appear,  although  rarely,  bhck  rays,  which  Han- 
steen  and  I  have  often  watched^  during  their  ascent  j  blended 
with  these,  appear  round  hlacJc  patches,  or  spots,  enclosed  by 
luminous  spaces.  The  latter  phenomena  have  been  made  a 
special  subject  of  investigation  by  Siljestrom.^  The  central 
portion  of  the  corona  of  the  Aurora  (which  owing  to  the 
effect  of  linear  perspective  corresponds  at  its  highest  point 
with  the  magnetic  inclination  of  the  place),  is  also  usually 
of  a  very  deep  black  colour.  Bravais  regards  this  blackness 
and  the  black  ra3rs  as  the  effect  of  optical  illusions  of  con- 
trast. Several  luminous  arches  are  frequently  simultaneously 
present ;  in  some  rare  cases  as  many  as  seven  or  nine  are  seen 

"^  Schweigger's  Jahrbuck  der  Chemie  imd  PhyHk,  1826,  Bd.  xvi, 
e.  198,  and  Bd.  zviii,  8.  364.  The  dark  segment  and  the  incontestible 
rising  of  black  rays  or  bands,  in  which  the  luminous  process  is  annihi- 
lated (byinterference?)  reminds  us  of  Quet's  Medierehes  swr  VEUetrwAimie 
darts  ie  vide,  and  of  Ruhmkor£rs  delicate  experiments,  in  which  in  a 
vacuum  the  jpon^ve  metallic  balls  gloTved  with  red  light,  while  the  nega- 
Hve  balls  showed  a  violet  light,  and  the  strongly  luminous  parallel  strata 
of  rays  were  regularly  separated  from  one  another  by  perfectly  dark 
i^trata.  **  The  light  which  is  diffused  between  the  terminal  knobs  of  the 
two  dectric  conductors  divides  into  numerous  parallel  bands,  which 
are  separated  by  alternate  obscure  and  perfectly  distinct  strata." 
Comptes  rendus  de  VAcad,  det  Sc.  t,  xzxy,  1852,  p.  949. 

^  Voyages  en  Scandinavie  {Aurores  bor.)f  p.  558.  On  the  Corona  and 
imnds  of  the  northern  lights  see  the  admirable  investigations  of  Bravais, 
pp.  602—514. 
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adyancmg  towairds  the  zenith,  ])arallel  to  one  another ;  while^ 
in  other  cases  thej  are  altogether  absent.  The  bundles  of 
rays  and  columns  of  light  assume  the  most  varied  forms,  ap- 
pearing either  in  the  shape  of  curves,  irreathed  festoons  and 
hooks,  or  resembling  waving  pennants  or  sails.^ 

In  the  higher  latitudes,  "  the  prevailing  colour  of  the  polar 
light  is  usually  white,  while  it  presents  a  milky  hue  when  the 
Aurora  is  of  hmt  mtensity.  When  the  colours  brighten^ 
they  assume  a  yellow  tinge;  the  middle  of  the  broad  ray  be- 
comes golden  yellow,  wmle  both  the  edges  are  marked  by 
separate  bands  of  red  and  green.  When  the  radiation  ex- 
tends in  narrow  bands,  the  red  is  seen  above  the  green. 
When  the  Aurora  moves  sideways  from  left  to  right,  or  from 
right  to  left,  the  red  appears  invariably  in  the  direction  to- 
wards which  the  ray  is  advancing,  and  the  green  remains 
behind  it."  It  is  only  in  very  rare  cases  that  either  one  of 
the  complementary  colours,  green  or  red,'  has  been  seen  alone. 
Blue  is  never  seen,  while  dark  red,  such  as  is  presented  by 
the  reflection  of  a  great  fire,  is  so  rarely  observed  in  the 
north  that  Siljestrom  noticed  it  only  on  one  occasion. ^^  The 
luminous  intensity  of  the  Auirora  never  even  in  Einmark. 
quite  equals  that  of  the  full  moon. 

The  probable  connection  which^  according  to  my  view%. 
exists  between  the  polar  light  and  the  formation  of  resy 
small  and  delicate  fleecy  clouds  (whose  parallel  and  equivalents 
rows  follow  the  direction  of  the  magnetic  meri<Han),  has  met- 
with  many  advocates  in  recent  times.  It  still  remains  a  doubter 
ful  question,  however,^'  whether,  as  the  northern  travellers, 
Thienemann  and  Admiral  Wrangel  believe,  these  parallel 
fleecy  clouds  are  the  substratum  of  the  polar  light,  or  whether 

^  pp.  eU.  pp.  35,  37,  45,  ^7,  iSl  (''2>9^K2'«m«m2tt20me^jfaf»«ne  <f«» 
Trnvwe  de  gnerre  d4pboy4e  horia<mtalemmt  et  agvUe  par  le  vent,  crockets,  _ 
froffmentt  cFarcB  et  de  gmrlomdes)."  M.  Baralet,  the  difitinguished  artist 
to  the  expeditioiiyhas  given  an  interesting  collection  of  the  many  varied 
forms  asaumed  by  this  phenomenon. 
^®  See  Voy,  en  Scamdmavie  {Aw.  boreal.),  pp.  523 — 528^  557>^ 
"  Cosmos,  vol  i,  p.  194  ;  see  also,  Franklm,  Narrative  of  a  Jowmey  td 
the /^ores  of  the  PoUxr  Sea  in  1819—1822,  p.  697;  and  Kamtz,  Lehr- 
huch  der  Metcorologie,  Bd.  iii  (1886),  a.  488 — 490.    The  earliest  conjee-^ 
tores  advanced  in  relation  to  the  connection  between  the  northern 
light  and  the  formation  of  clouds  are  probably  those  of  Frobesios.  (Seei 
Aurora:  horeaUs  spectacula,  Helmst,  1739,  p.  13*9). 
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tbey  are  not  rather,  as  haa  been  conjectured  by  Franklin, 
Richardson,  and  myself,  the  effect  of  a  meteorological  process 
generated  by  and  accompanying  the  magnetic  storm.  The 
regular  coincidence  in  respect  to  direction  between  the  very 
fine  cirrous  clouds  (polar  bands)  and  the  magnetic  declination, 
together  with  the  turning  of  the  points  of  convergence,  were 
made  the  subjects  of  my  most  careful  observation  on  tbe^ 
Mexican  plateau  in  1803,  and  in  Northern  Asia  in  1829. 
When  the  last  named  phenomenon  is  complete,  the  two  ap- 
parent points  of  convergence  do  not  remain  stationary,  the 
one  in  the  north-east  and  the  other  in  the  south-west  (in 
the  direction  of  the  line  which  connects  together  the  highest 
points  of  the  arch  of  the  polar  light  which  is  luminous  at 
night),  but  move  by  degrees  towards  the  east  and  west.^' 
A  precisely  similar  turning,  or  translation  of  the  line,  which 
in  the  true  Aurora  connects  the  highest  points  of  the  lumi- 
nous arch,  whilst  its  bases  (the  points  of  support  by  which  it 
rests  on  the  horizon)  change  in  the  azimuth  and  move  from 
east-west  towards  north-south,  has  been  several  times  db- 
served  with  much  accuiucy  in  Finmaric.'*    These  clouds  ar^ 

^  t  will  give  a  smgle  example  from  my  M.S.  journal  of  my  Siberian 
journey : — **  I  spent  the  whole  of  the  night  of  the  6 — 6th  of  August 
(1829),  separated  from  my  travelling  companions,  in  the  open  air,  at 
the  Coflsaok  outpost  of  Erasnajazarki,  the  most  eattem  station  on  the 
Irtiach,  on  the  boundary  of  the  Chinese  Dzungarei,  and  hence  a  place 
whose  astronomical  determination  was  of  considerable  importance. 
The  night  was  extremely  clear.  In  the  eastern  sky  polar  bands  of 
cirrous  clouds  were  suddenly  formed  before  midnight  (which  I  have  re- 
corded as  '  de  pettt8  motUoni  iffoUmmt  etpaeSt,  distribuis  en  iandis 
paraUilea  etpolaires)*.  Greatest  altitude  35*^.  The  northern  point  of  con- 
l  yergence  is  moving  slowly  toward  the  east.  They  disappearwithout  reaoh- 

t  xng  the  zenith ;  and  a  fSew  minutes  afterwards,  precisely  similar  cirrouB' 

I  bcmds  are  formed  in  the  northeast ;  which  move  during  a  part  of  th» 

night,  and  almost  till  sunrise,  regularly  northward  70**  E.  An  unusuially 
large  number  of  falling  stars  and  coloured  rings  round  the  mooa' 
throughout  the  night.  No  trace  of  a  true  Aurora.  Some  rain  falling^ 
from  speckled  feathery  masses  of  clouds.  At  noon  on  the  6th  of 
August  the  skywas  clear,  polar  bands  were  again  formed,  passing  from' 
K.N.E.  to  S.S.  W.,  where  they  remained  immoveable,  witihout  altenng* 
the  azimuth,  as  I  had  so  often  seen  in  Quito  and  Mexico."  (The  mag*- 
netic  variation  in  the  Altai  is  easterly.) 

''  Bravais,  who,  contrary  to  my  own  experience,  almost  invariably 
observed  that  the  masses  of  cirrous  clouds  at  Bossekop  were  directed> 
like  the  Aurora  borealis,  at  right  angles  to  the  magnetic  meridian 
{Voyages  en  Scandmavie,  Phinm^ne  de  trantlation  dcm  le$  pieds  dtr 
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ranged  in  the  form  of  polar  bands  correspond,  according  to 
the  above  developed  views,  in  respect  to  position,  with  the 
luminous  columns  or  bundles  of  rays  which  ascend  in  the 
true  Aurora  towards  the  2;enith  from  the  arch,  which  is 
generally  inclined  in  an  east  and  west  direction ;  and  they 
cannot,  therefore,  be  confounded  with  those  arches  of  which 
one  was  distinctly  seen  by  Parry  in  bright  day-light  after 
the  occurrence  of  a  northern  light.  This  phenomenon  oc- 
curred in  England  on  the  3rd  of  September,  1827,  when 
columns  of  light  were  seen  shooting  up  from  the  luminous 
arch  even  by  day." 

It  has  frequently  been  asserted  that  a  continuous  evolu- 
tion of  light  prevails  in  the  sky  immediately  around  the 
northern  magnetic  pole.  Bravais,  who  continued  to  prose- 
cute his  observations  uninterruptedly  for  200  nights,  during 
which  he  accurately  described  152  Auroras,  certainly  asserts 
that  nights,  in  wluch  no  northern  lights  are  seen,  are  alto- 
gether exceptional,  but  he  has  sometimes  found  even  when  the 
atmosphere  was  perfectly  clear,  and  the  view  of  the  horizon 
WES  wholly  uninterrupted,  that  not  a  trace  of  polar  light 
could  be  observed  throughout  the  whole  niffht,  or  else  that 
the  magnetic  storm  did  not  begin  to  be  appa^nt  until  a  very 
late  hour.  The  greatest  absolute  number  of  northern  lights 
appears  to  occur  towards  the  close  of  the  month  of  September ; 
and  as  March,  when  compared  with  JFebruary  and  Aprils 
seems  to  exhibit  a  relatively  frequent  occurrence  of  the  phe- 
nomenon, we  are  here  led,  as  in  the  case  of  other  magnetic 
phenomena,  to  conjecture  some  connection  with  the  period 

rare  dea  Awrorea  horicUes,  pp.  534 — 537),  describes  with  his  accustomed 
exactitude  the  turnings  or  rotations  of  the  tnie  arch  of  the  Aurora 
horealis,  pp.  27,  92, 122,  487.  Sir  James  Bobs  has  likewise  observed  in 
the  southern  hemisphere  similar  progressive  alterations  of  the  arch  of 
the  Aurora  (a  progression  in  the  southern  lights  from  W.N.W.^-E.S.E. 
to  N.N.E. — S.S.W.)  Voyage  in  the  Southern  and  Antarctic  Jfteffions,  vol.  i, 
p.  311.  An  absence  of  aU  colour  seems  to  be  a  frequent  characteristic 
of  southern  lights,  vol.  i,  p.  266,  vol.  ii,  p.  209.  Regarding  the  absence 
of  the  northern  light  in  some  nights  in  Lapland,  see  Bravais,  Op,  dt. 
p.  545. 

"  Cosmos,  vol.  i,  p.  191.  The  arch  of  the  Aurora  seen  in  bright  day- 
Hght  reminds  us  by  the  intensity  of  its  light  of  the  nuclei  and  tails  of 
the  comets  of  1843  and  1847,  which  were  recognised  in  the  immediate 
vicinity  of  the  sun  in  North  America,  Parma,  and  London.  Op,  cit, 
Tol.  i,  p.  85,  vol.  iii  p.  543. 
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of  the  equinoxes.  To  the  northern  lights  which,  have  been 
seen  in  Peru,  and  to  the  southern  lights  which  have  been 
visible  in  Scotland,  we  may  add  a  coloured  Aurora,  which 
was  observed  for  more  thui  two  hours  contn;^uously  by 
Lafond  in  the  Candide,  on  the  14th  of  January,  1831,  south 
of  New  Holland,  in  latitude  45®.*' 

The  accompaniment  of  sound  in  the  Aurora  has  been  as 
definitely  denied  by  the  French  physicists  and  SUjestrom  at 
Bossekop^  as  by  Thienemann,  Pany,  Franklin,  Richardson, 
Wrangel,  and  Anjou.  Bravais  estimated  the  altitude  of  the 
phenomenon  to  be  fully  51307  toises  (or  52  ge^raphical 
miles),  whilst  an  otherwise  very  careful  observer,  l^urquhar- 
son,  considers  that  it  scarcely  amounts  to  4000  feet.  The 
data  on  which  all  these  determinations  are  based  are  very 
uncertain,  and  are  rendered  less  trustworthy  by  optical  illu* 
sior^  as  weU  as  by  erroneous  conjectures  r«yL.|the  posi- 
tive  identity  of  the  luminous  arch  seen  simultaneously  at  two 
remote  points.  There  is,  however,  no  doubt  whatever  of  the 
influence  of  the  northern  light  on  declination,  inclination^ 
horizontal  and  total  intensity,  and  consequently  on  all  the 
elements  of  terrestrial  maJ^etiBm,  alZ^h  this  influence 
is  exerted  very  unequally  in  the  different  phases  of  this  great 
phenomenon,  and  on  the  different  elements  of  the  force. 
The  most  complete  investigations  of  the  subject  were  those 
made  in  Lapland  by  the  able  physicists  Siljestrom  and 
Bravais^''  (in  1838 — 1839),  and  the  Canadian  observations  at 
Toronto  (1840 — 1841),  which  have  been  most  ably  dis- 
cussed by  Sabine.^'  In  the  preconcerted  simultaneous  ob- 
servations which  were  made  by  us  at  Berlin  (in  the  Men- 
delssohn-Bartholdy  Garden),  at  Freiberg  below  the  surface 
of  the  earth,  at  St.  Petersburgh,  Kasan  and  Nikolajew,  we 
found  that  the  magnetic  variation  was  affected  at  all  these 
places  by  the  Aurora  borealis,  which  was  visible  at  Alford  in 
Aberdeenshire  (57°  15'  K  lat.)  on  the  night  of  the  19-20th 
of  December,  1829.     At  some  of  these  stations,  at  which 

'^  Oomptea  rendus  de  VAcad,  des  SdenceSf  t.  iv,  1887,  p.  589, 

^*  Voyages  en  Scandinavie,  en  Laponief  etc,  {Aurorea  boriales,)  p.  559 ; 
and  Maitm's  Trad,  de  la  MSiioroligie  de  Kaemtz,  p.  460.  In  reference 
to  the  conjectured  elevation  of  the  northern  light^  see  BraTais,  Op,  cit. 
pp.  549,  559. 

J7  Op.  cit,  p.  462. 

^s  Sabine,  Unusual  Majnet,  DisturhanceSf  pt.  i,  pp.  zviii,  zxii,  3,  54. 
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t)i^  otheif  dements  of  terrestrial  magnetism  could  be  noted, 
the  magnetic  intensity  and  inclination  were  affected  no  less 
tban  the  variation.^* 

During  the  beautiful  Aurora,  which  Professor  Forbes  ob- 
cSj^rvei  at  Edinburgh  on  the  21st  of  March,  1833,  the  inclina- 
tion was  strikingly  small  in  the  mines  at  Freiberg,  while  the 
.^variation  was  so  much  disturbed  that  the  angles  could  scarcely 
.be  read  off  The  decrease  in  the  total  intensity  of  the  mag- 
netic  force  which  has  been  observed  to  coincide  with  the  in- 
creasing energy  of  the  luminosity  of  the  northern  light  is  a 
phenomeaion  which  is  worthy  of  special  attention.  The  mea- 
.surements  which  I  made  in  conjunction  with  Oltmanns  at 
Berlin  during  a  brilliant  Aurora  on  the  30th  of  December, 
1806,  ^  and  which  are  printed  in  Hansteen's  "  Unter- 
^Qchungen  iiber  den  Magnetismus  der  Erde,''  were   con- 

^  Dove,  in  Poggend.  Ann,  Bd.  xx,  s.  883 — 341.  The  unequal  influ- 
>enee  whioh  on  Aurora  exerts  on  the  dipping  needle  at  points  of  the 
r earth's  surface,  whioh  lie  in  very  different  mmdians,  may  in  many 
^ases  lead  to  the  local  determination  of  the  active  cause,  since  the  mani- 
festation of  the  luminous  magnetic  storm  does  not  by  any  means  always 
originate  in  the  magnetic  pole  itself;  while,  moreover,  as  j^rgelander 
maintained  and  as  Bravais  has  confirmed,  the  summit  of  the  luminous 
.arch  is  in  some  cases  as  much  as  11°  from  ihe  magnetic  meridian. 

20  «  Qn  tii^  20th  of  December,  1806,  the  heavens  were  of  an  azure 
blue,  with  not  a  trace  of  clouds.  Towards  10  p.m.  a  reddish-yellow 
luminous  arch  appeared  in  the  N.N^W.,  through  which  I  could  distin- 
guish stars  of  the  7th  magnitude  in  the  night  telescope.  I  found  the 
azimuth  of  this  point  by  means  of  a  Lyree,  whidi  was  almost  directly 
imder  the  highest  point  of  the  arch.  It  was  somewhat  further  w«st 
than  tiie  vertical  plane  of  the  magnetic  variation.  The  Aurora,  which 
was  directed  N.N.W.,  caused  the  north  pole  of  the  needle  to  be  deflected, 
'for,  instead  of  progressing  westward  like  ihe  azimuth  of  the  arch,  the 
needle  moved  ba^  towards  the  east.  The  changes  in  the  magnetic 
'  declination,  which  generally  amount  to  from  2'  27''  to  3'  in  the 
.  nights  of  Uiis  niontl:^  increased  progressively  and  without  any  great 
oscillation  to  26'  28"  during  the  northern  light.  The  variation  was  the 
eonallest  about  9h.  12m.  when  the  Aurora  was  the  most  intense.  We 
found  that  the  horizontal  force  amounted  to  1'  87^^.73  for  21  vibrations 
during  the  oon^uance  of  the  Aurora,  while  at  9h.  50m.  A.M.,  and  con- 
sequently Ipng  after  the  disappearance  of  the  Aurora,  which  had  en- 
tirely vaiushed  by  2h.  10m.  a.m.  it  was  1'  37".l7  for  the  same  number 
of  viorations.  The  temperature  of  the  room,  in  which  the  vibrations  of 
the  small  needle  were  measured,  was  in  the  first  case  37^.76  F.  and 
in  the  second  87*.04  F.  The  intensity  was  therefore  slightly  diminished 
during  the  continuance  of  the  northern  light.  The  moon  presented  no 
coloured  rings."    From  my  magnetic  journal,  see  Hansteeui  b.  459. 
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toned  by  Sabine  and  the  JFrench  phjsiciata  in  Laniland  in 
1838.« 

While  in  this  careful  development  of  the  present  condition 
oi  imr  poaitive  kiiowledge  of  the  phenomena  of  terrestrial 
magnetuim,  I  have  necefisarily  limited  myself  to  a  mere  ob- 
jecfciva  representation  of  that  which  did  not  even  admit  of 
being  elucidated  by  merely  theoretical  views,  based  only 
upon  induction  and  analogy ;  I  have  likewise  purposely  a1>- 
jrtained  in  the  present  work  from  entering  into  any  of  those 
geognostic  hypotheseSy  in  which  the  direction  of  extensive 
mountain  chains  and  of  stratified  mountain  masses  is  con- 
sidered in  relation  to  its  dependence  upcm  the  direction  of 
magnetic  lines,  more  especially  the  isoclmal  and  isodynamic 
isystems.   I  am  far  from  denying  the  influence  of  all  cosmical 

•  primary  forces — dynamic  and  chemical  forces — as  well  as  of 
magnetic  and  electrical  currents  on  the  formation  of  crystal- 

.  line  rooks  and  the  filling  up  of  veins  f*  but  owing  to  the 
progressive  movement  of  all  magnetic  lines  and  thdr  conse- 
quent change  of  form^  their  present  position  can  teach  us 
nothing  in  reference  to  the  direction  in  primeval  ages  of 

.  mountain  chains,  which  have  been  upheaved  at  very  difierent 

.  •epochs,  or  to  the  consolidation  of  the  earth's  crust,  from 
which  heat  was  being  radiated  during  the  process  of  its 

'  hardening. 

Of  a  different  order,  not  referring  generally  to  terrestrial 
magnetism,  but  merely  to  very  partial  local  relations,  are 
ihose  geognostic  phenomena,  which  have  been  designated  by 
the  name  of  the  magnetism"  of  mountain  masses.  These 
phenom^ia  engaged  much  of  my  attention  before  my  Ame- 
rican expedition,  at  a  time  when  I  was  occupied  in  examine 
ing  the  magnetic  serpentine  rock  of  the  Haidberg  moun- 
tam  in  Fr^conia  in  1796,  and  then  gave  occasion  in  ! 

^  Sabme,  On  Dtty$  cf  UuMmod  Magn,  IHgturbances,  pt.  i,  p.  xviii. 
*'  M.  Bravais  concludes  from  the  observations  made  in  Lapland  that  the 
horizontal  intensity  diminishes  when  the  phenomenon  of  the  Aurora 
borealis  is  at  its  maximum"  (Hartins,  p.  461). 

^  Delesse,  Sur  Tassoclation  des  min^raux  dans  les  roches  qui  ont 
uo.  pouToir  magn^tique  ^lev^,  in  the  Comptet  rmdm  de  VAcad,  dea  Sc 
t.  zxxi,  1850,  p.  806;  and  Annalea  det  Mines,  ihrne  S6rie,  t  xv  (1849), 
p,  130. 

^  Belch,  Ueher  Gebirfft-trnd  Oetteim-MagneHmiU,  in  Foggend.  Anrt, 
Bd.  Ixvii,  &  85. 
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Germaiiy  to  a  considerable  amount  of  literaiy  dissension, 
which,  however,  was  of  a  very  harmless  nature.  They  pre- 
sent a  number  of  problems,  which  are  by  no  means  incapable 
of  solution,  but  which  have  been  much  neglected  in  recent 
times,  and  only  very  imperfectly  investigated  both  as  regards 
observation  and  experiment.  The  force  of  this  magnetism 
of  rocks  may  be  tested  for  the  determination  of  the  increase 
of  magnetic  intensity  by  means  of  pendulum  experiments 
and  by  the  deflection  of  the  needle  in  broken  off  fragments  of 
hornblende  and  chloritic  schists,  serpentine,  syenite,  dolerite, 
basalt,  melaphyre  and  trachyte.  We  may  in  this  manner 
decide  by  a  comparison  of  the  specific  gravity,  by  the  rinsii^ 
of  finely  pulverised  masses,  and  by  the  application  of  the 
microscope,  whether  the  intensity  of  the  polarity  may  not 
depend  in  various  ways  upon  the  relative  position,  rather 
than  upon  the  quantity,  of  the  granules  of  magnetic  iron 
and  protoxide  of  iron,  intermixed  in  the  mass.  More  im- 
portant, however,  in  a  cosmical  point  of  view  is  the  question 
which  I  long  since  suggested  in  reference  to  the  SGudberg 
mountain ;  whether  there  exist  entire  mountain  ranges,  in 
which  opposite  polarities  are  found  to  occur  on  opposite  de* 
cli^ities  of  the  mass.^    An  accurate  astronomical  determi* 

^  This  question  was  made  the  subject  of  lively  discussion  when,  in 
the  year  1796,  at  the  time  that  I  fulfilled  the  duties  of  superintendent 
of  l^e  mining  operations  in  the  Fichtelgebirge,  in  Franconia,  I  dis- 
covered the  remarkable  magnetic  serpentine  mountain  (the  Haidbei^g) 
near  Qefress,  which  had  &e  property  at  some  points  of  causing  the 
needle  to  be  deflected  at  a  distance  of  even  23  feet  {InteUigenz-BkUt  der 
AUgem.  Jenaer  LUteraiv/r-ZeUtmg,  Dec,  1796,  No.  169,  s.  Iii7,  and 
MdrZf  1797,  No.  38,  s.  828  —  826;  Gren's  News  Journal  der  Phyttk, 
Bd.  iv,  1797,  s.  136 ;  Annales  de  Chimie^  t.  xxii,  p.  47).  I  had  thought 
that  the  magnetic  axes  of  the  mountain  were  diunetrically  opposed  to 
the  terrestrial  poles ;  but  according  to  the  investigations  of  Bischoff 
and  Goldfuss,  in  1816  {BeichreSbwn^  des  FidUelgebirgea,  Bd.  i,  s.  176),  it 
would  appear  that  they  discovered  magnetic  poles,  which  penetrated 
through  the  Haidberg  and  presented  opposite  poles  on  the  opposite 
declivities  of  the  mountain,  while  the  directions  of  the  axes  were  not 
the  same  as  I  had  given  them.  The  Haidberg  consists  of  dull  green 
serpentine,  which  partially  merges  into  chloritic  and  hornblende  sdbists. 
At  the  village  of  Yoysaco,  in  the  chain  of  the  Andes  of  Pasto,  we  saw 
the  needle  deflected  by  fragments  of  porphyritic  clay,  while  on  the 
ascent  to  Chimborazo,  groups  of  columnar  masses  of  trachyte  disturbed 
the  motion  of  the  needle  at  a  distance  of  three  feet.  It  struck  me  as  a 
very  remarkable  fact  that  I  should  have  found  in  the  black  and  red 
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nation  of  the  position  of  such  magnetic  axes  of  a  mountain 
would  be  of  the  greatest  interest,  if  it  could  be  ascertained 

obsidians  of  Quinche,  north  of  Quito,  as  well  as  in  the  gray  obsidian  of 
the  Cerro  de  la  Navajas  of  Mexico,  large  fragments  with  distinct  poles. 
The  large  collective  magnetic  mountains  in  the  Ural  chain,  as  Blagodat, 
near  Kuschwa,  Wyssokaja  Gora,  at  Nishne  Tagilsk,  and  Katachkanar, 
near  Nishne  Turinsk,  have  all  broken  forth  from  augitic  or  rather 
uralitic  porphyry.  In  the  great  magnetic  mountain  of  Blagodat,  which 
I  investigated  with  Gustav  Rose,  in  our  Siberian  expedition,  in  1829, 
the  cornbvned  effect  of  the  polarity  of  the  individual  parts  did  not  indeed 
appear  to  have  produced  any  determined  and  recognisable  magnetic  axes. 
In  close  vicinity  to  one  another  lie  irregularly  mixed  opposite  poles.  A 
similar  observation  had  previously  been  made  by  Erman  {Reise  urn  die 
Erde,  Bd.  i,  s.  862).  On  the  degree  of  intensity  of  the  polar  force  in 
Mrpentine,  basaltic,  and  trachytic  rock,  compared  with  the  quantity  of 
magnetic  iron  and  protoxide  of  iron,  inter^iixed  with  these  rooks,  as  well 
as  on  the  influence  of  the  contact  of  the  air  in  developing  polarity,  which 
had  already  been  maintained  by  Gmelin  and  Gibbs,  see  the  numerous  and 
▼ery  admirable  experiments  of  Zaddach,  in  his  JBeohacMungen  ilber  die 
Magnetiache  PoUmtat  des  BaacUtes  tmd  der  Trachytiachen  Oeateine,  1851, 
8.  56,  65 — 78,  95.  A  comparison  of  many  basaltic  quairies,  made  with  a 
view  of  ascertaining  the  polarity  of  individual  columns  which  have  stood 
isolated  for  a  long  period,  and  an  examination  of  the  sides  of  these 
columns  which  have  been  recently  brought  in  contact  with  the  outer  air 
in  consequence  of  the  removal  from  individiial  masses  of  a  certain 
depth  of  earth,  have  led  Dr.  Zaddach  to  hazard  the  conjecture  (see  b. 
74,  80)  that  the  polar  property,  which  always  appears  to  be  manifested 
with  iJie  greatest  intensity  in  rocks  to  which  the  air  has  been  freely  ad- 
mitted, and  which  are  intersected  by  open  fissures,  "  diffuses  itself  from 
without  inwards,  and  generally  from  above  downwards."  Gmelin  ex- 
presses himself  as  follows  m  respect  to  the  great  magnetic  mountain, 
Ulu-utasse-Tau,  in  the  country  of  the  Baschkiri,  near  the  Jaik : — "  The 
■ides  which  are  exposed  to  the  open  air  exhibit  the  most  intense  mag- 
netic force,  while  those  which  lie  vnder  ground  are  much  weaker" 
(Eeiae  dwrch  Siherien,  1740 — 1743,  Bd.  iv,  s.  345).  My  distinguished 
teacher,  Werner,  in  describing  the  magnetic  iron  of  Sweden,  in  his 
lectures,  also  spoke  of  "  the  influence  which  contact  with  the  atmo- 
sphere might  have,  although  not  by  means  of  an  increased  oxidation,  in 
rendering  the  polar  and  attracting  force  more  intense."  It  is  asserted 
by  Colonel  Gibbs,  in  reference  to  the  magnetic  iron  mines  at  Succas- 
suny,  in  New  Jersey,  that  "the  ore  raist»d  from  the  bottom  of  the  minu 
has  no  magnetism  at  firsts  but  acquires  it  after  it  has  been  some  time 
exposed  to  the  influence  of  the  atmosphere"  {On  the  connexion  of  Mag- 
netiam  and  Light,  in  Silliman's  American  Journal  of  Science,  vol.  i,  1819, 
p.  89).  Such  an  assertion  as  this  ought  assuredly  to  stimulate  obser- 
vers to  make  careful  and  exact  investigations !  When  I  drew  attention 
in  the  tdxt  (see  page  160),  to  the  fact  that  it  was  not  only  the  quantity 
of  the  small  particles  of  iron  which  were  intermixed  in  the  stone,  but 
also  their  idative  distribution  (their  position)  which  acted  as  the  re« 

yoL.  V.  u 


162  C0S1C08. 

after  considerable  periods  of  time,  that  the  three  variable 
elements  of  the  total  force  of  terrestrial  magnetism  caused 
either  an  alteration  in  the  direction  of  the  axes,  or  that  snch 
small  systems  of  magnetic  forces  were  at  least  apparently 
independent  of  these  influences. 
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Reaction  offhe  interior  oftlie  JSarth  upon  its  attrface;  mani' 
fe%tmg  itself : — a.  Merely  dynamically^  by  tremulous  un^ 
dulations  {earthquakes)  ; — b.  By  the  high  temperature  of 
mineral  springs,  and  by  the  difference  of  the  intermixed 
salts  and  gases  {Thermal  springs);  c.  By  the  outbreak  of 
elastic  fluidsy  sometimes    accompanied   by  phenomena  of 
spontaneous   ignition    (gas  and  mud  volcanoes,    burning 
naphtha  springs,  Salses) ;  d.  By  the  grand  and  mighty 
actions  of  true  volcanoes,  which  (when  they  have  a  perma^ 
nent  connexion  with  the  atmosphere  by  fissures  and  craters) 
throw  up  fused  earth  from  the  depths  of  the  interior,  partly 
only  in  the  form  of  red-hot  cinders,  but  partly  submitted  to 
varying  processes  of  crystalline  rock  formation,  poured  out 
in  long,  narrow  streams. 

In  order  to  maintain,  in  accordance  with  the  fundamental 
plan  of  this  work,  the  co-ordination  of  telluric  phenomena 

Bultant  upon  the  intensity  of  the  polar  force,  I  considered  the  small 
particles  to  be  so  many  small  magnets.  See  the  new  views  regarding  this 
subject  in  a  treatise  by  Melloui,  read  by  that  distinguished  physicist 
before  the  Royal  Academy  at  Naples,  in  the  month  of  January,  1853 
(Etperienae  irUomo  al  Magnetismo  deUe  Rocche,  Mem.  1,  Sulla  PolarUd). 
The  popular  notion  which  has  been  so  long  ciurrent,  more  especially  on 
the  shores  of  the  Mediterranean,  that  if  a  magnetic  rod  be  rubbed  with 
an  onion,  or  brought  in  contact  with  the  emanations  of  the  plants  the 
directive  force  will  be  diminished,  while  a  compass  tlius  treated  would 
mislead  the  steersman,  is  mentioned  in  ProcU  Diadochi  Paraphrasi% 
Ptolem.  libri  iv,  de  Sidatm  affeetumUnu,  1635,  p.  20  (Delambre,  ffist.de 
tAstronomie  AncieniMy  t.  ii,  p.  646).  It  is  difficult  to  conceive  what 
could  have  given  occasion  to  so  singidar  a  popular  error. 
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-*tbe  co-oporation  of  a  single  system  of  impelling  forces-— 
in  the  descriptive  representation,  we  must  here  remind  the 
reader,  how,  starting  from  the  general  pr  >perties  of  matter, 
and  the  three  principal  directions  of  its  acoivitj  (attraction, 
vibrations  producing  light  and  heat,  and  electro^maynetic  pro^ 
cesses),  we  have  in  the  first  section  taken  into  consideration 
the  size,  form,  and  density  of  our  planet,  its  internal  dif- 
fusion  of  heat  and  of  magnetism,  in  their  effects  of  intensity, 
dip,  and  variation,  changing  in  accordance  with  definite 
law&  The  directions  of  the  activity  of  matter  just  mentioned 
are  nearly  allied  ^  manifestations  of  one  and  the  same  primi- 
tive force.  They  occur  in  a  condition  of  the  greatest  inde- 
pendence of  all  differences  of  matter,  in  gravitation  and 
molecular  attraction.  We  have  at  the  same  time  represented 
our  planet  in  its  cosmical  relation  to  the  central  body  oi  its 
system ;  because  the  internal  primitive  heat,  which  is  pro- 
biably  produced  by  the  condensation  of  a  rotating  nebular 
ring,  is  modified  by  the  action  of  the  sun  {Insolation),  With 
the  same  view,  the  periodical  action  of  the  solar  spots  (that  . 
is  to  say,  the  frequency  or  rarity  of  the  apertures  in  the 
solar  envelopes)  upon  terrestrial  magnetism,  has  been  referred 
to,  in  accordance  with  the  most  recent  hypotheses. 

The  second  section  of  this  volume  is  devoted  to  the 
entirety  of  those  telluric  phenomena  which  are  to  be 
ascribed  to  the  constantly  active  reaction  of  the  interior  of 
the  earth  upon  its  surface}  To  this  entirety  I  give  the 
general  name  of  Vulcanism  or  Vulcanicity ;  and  I  regard  it 
as  advantageous  to  avoid  the  separation  of  that  which  is 
causally  connected  and  differs  only  in  the  strength  of  the 
manifestation  of  force  and  the  complication  of  physical  pro- 
cesses. By  taking  this  general  view,  small  and  apparently 
unimportant  phenomena  acquire  a  greater  significance. 
The  unscientific  observer  who  comes  for  the  first  time 
upon  the  basin  of  a  thermal  spring  and  sees  gases  cap- 
able of  extinguishing  light  rising  in  it,  or  who  wanders 
amongst  rows  of  changeable  cones  of  mud  volcanoes,  scarcely 
exceeding  himself  in  height,  never  dreams  that  in  the  calm 
space  occupied  by  the  latter,  eruptions  of  fire  to  the  he'ght 
of  many  thousand  feet  have  often  taken  place ;  and  that  one 

^  Co9mo$y  vol.  iii,  p.  89, 

«  (Jotmoa,  voL  i,  p.  197—199. 
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and  the  same  internal  force  produces  colossal  craters  of  eleva« 
tion,  nay  even  the  mighty,  desolating,  lava-pouring  volcanoes 
of  Etna  and  the  P^k  of  Teyde,  and  the  cinder-erupting 
Cotopaxi  and  Tunguragua. 

Amongst  the  multifarious, mtt^uaZZy  intensifying,  phenomena 
of  the  reaction  of  the  interior  of  the  earth  upon  its  external 
crust,  I  first  of  all  separate  those,  the  essential  character  of 
which  is  purely  dynamical,  namely,  that  of  movement  or  tre- 
mulous undulations  in  the  solid  strata  of  the  earth ;  a  volcanic 
activity  which  is  not  necessarily  accompanied  by  any  chemical 
changes  of  matter,  or  by  the  expulsion  or  production  of  any- 
thing of  a  material  nature.  In  the  other  phenomena  of  the 
reaction  of  the  interior  upon  the  exterior  of  the  earth : — in 
gas  and  mvd  volcanoes,  hu/ming  springs  and  salses,  and  in 
the  large  burning  mountains  to  which  the  name  of  volcano 
was  first,  and  for  a  long  time  exclusively,  applied,  the 
production  of  something  of  a  material  nature  (gaseous  or 
solid),  and  processes  of  decomposition  and  gas-evolution, 
such  as  the  formation  of  rocks  from  particles  arranged  in  a 
crystalline  form,  are  never  wanting.  When  most  fiilly  gene- 
ralized, these  are  the  distinctive  characters  of  the  volcanic 
vital  activity  of  our  planet.  In  so  far  as  this  activity  is  to 
be  ascribed  in  great  measure  to  the  high  temperature  of  the 
innermost  strata  of  the  earth,  it  becomes  probable  that  all 
cosmical  bodies  which  have  become  conglomerated  with  an 
enormous  evolution  of  heat,  and  passed  from  a  state  of  vapour 
to  a  solid  condition^  must  present  analogous  phenomena.  Th  e 
little  that  we  know  of  the  form  of  the  moon*s  surface,  ap- 
pears to  indicate  this.' — Upheaval  and  plastic  activity  in 
the  production  of  crystalline  rock  from  a  fused  mass,  are 
conceivable  even  in  a  sphere  which  is  regarded  as  destitute 
of  both  air  and  water. 

The  genetic  connexion  of  the  classes  of  volcanic  pheno- 
mena here  referred  to  is  indicated  by  the  numerous  traces 
of  the  simuUaneotisness  of  the  simpler  and  weaker  with 
stronger  and  more  complex  effects,  and  the  accompanying 
transitions  of  the  one  into  the  other.  The  arrangement  of 
the  materials  in  the  representation  selected  by  me  is  justified 
by  such  a  consideration.  The  increased  magnetic  activity 
of  our  planet,  the  seat  of  which,  however,  is  not  to  be  sought 

>  Cotnioa,  YoL  iii,  p.  44;  iv,  pp.  426,  491,  495— 498. 
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-in  the  fused  mass  of  the  interior  (even  though,  according  to 
Lenz  and  Riess,  iron,  in  the  fused  state,  may  be  capable  of 
conducting  an  electrical  or  galvanic  current),  produces  evolu- 
tion of  light  in  the  magnetic  poles  of  the  earth,  or  at  least 
,  usually  in  their  vicinity.  We  concluded  the  first  section  of 
the  volume  on  telluric  phenomena  with  the  luminosity  of  the 
earth.  This  phenomenon  of  a  luminous  vibration  of  the  ether 
by  magnetic  forces  is  immediately  followed  by  that  class  of 
volcanic  agencies,  which,  in  their  essential  nature,  act  purely 
dynamically,  exactly  like  the  magnetic  force :— causing  move- 
ment and  vibrations  in  the  solid  ground,  but  neither  produc- 
ing nor  changing  anything  of  a  material  nature.  Secondary 
and  unessential  phenomena  (the  ascent  of  flames  during  tbe 
earthquake,  and  eruptions  of  water  and  evolutions  of  gas^ 
following  it)  remind  one  of  the  action  of  thermal  springs  and 
salses.  Eruptions  of  flame,  visible  at  a  distance  of  many 
miles,  and  masses  of  rock,  torn  from  their  deep  seats  and 
hurled  about,"  are  presented  by  the  salseSy  which  thus,  as  it 
were,  prepare  us  for  the  magnificent  phenomena  of  the  true 
volcanoes;  which  again,  between  their  distant  epochs  of  erup- 
tion, like  the  sals^,  only  exhale  aqueous  vapour  and  gases 
from  their  fissures.  So  remarkable  and  instructive  are  the 
analogies  which  are  presented  in  various  stages  by  the  grada- 
tions of  vulcanism. 

a.  JSarthquakes. 

(Amplification  of  the  Picture  of  Nature. 
Cosmos,  vol.  i.  pp.  199 — 213). 

Since  the  appearance  in  the  first  volume  of  this  work 
(1845)  of  the  general  representation  of  the  phenomena  of 
earthquakes,  the  obscurity,  in  which  the  seat  and  causes  of 
these  phenomena  are  involved,  has  but  little  diminished ; 
but  the  excellent  works*  of  Mallet  (1846)  and  Hopkins 
(1847)  have  thrown  some  light  upon  the  nature  of  concussions, 
the  connection  of  apparently  distinct  eflects  and  the  separa- 

*  Co8nio8,  vol.  i,  p.  214. 

'  Cosmos,  Tol.  i,  p.  222.  Compare  Bertrand-Qeslin,  **  jS^mt  Us  roches 
lancSespar  le  Vdccm  de  boue  du  Monte  Zibio  pris  du  bowrg  de  Sassuolo^ 
in  Humboldt,  Voyage  aux  lUgions  EquinoxicUes  du  Nowveau  Contmeni 
{Relation  Historiqine),  t.  ill,  p.  666. 

'Robert  Mallet,  in  the  Transactions  of  ike  BoyaX  Irish  Academy, 
vol.  xxi  (1848),  pp.  61—118,  and  First  JReport  on  the  Facts  of  Earth* 
quake  Phmiomena,  in  the  Rq>ort  qf  the  Meeting  of  the  British  Association, 


166  COSMOS. 

tion  of  chemical  and  physical  processes,  which  may  accom- 
pany it  or  occur  simultaneously  with  it.  Here,  as  elsewhere, 
a  mathematical  mode  of  treatment,  such  as  that  adopted  by 
Poisson,  may  have  a  beneficial  effect.  The  analogies  between 
the  oscillations  of  solid  bodies  and  the  sound-waves  in  the 
ordinary  atmosphere  to  which  Thomas  Young'  had  already 
called  attention,  are  peculiarly  adapted  to  lead  to  simpler 
and  more  satis&.ctory  views,  in  theoretical  cousiderations 
upon  the  dynamics  of  earthquakes. 

Displacement  y  commotion^  elevation,  andformation  of  fissures 
indicate  the  essential  character  of  the  phenomenon.  We 
have  to  distinguish  the  efficient  force,  which,  as  the  impulse, 
gives  rise  to  the  vibration ;  and  the  nature,  propagation,  ifi- 
crease  or  diminution  of  the  commotion.  In  the  Picture  of 
Nature  I  have  described  what  is  especially  manifested  to  the 
senses ;  what  I  had  myself  the  opportunity  of  observing  for 
so  many  years  on  the  sea,  on  the  sea-bottom  of  the  plains 
{Llanos),  and  at  elevations  of  eight  to  fifteen  thousand  feet ; 
on  the  margin  of  the  craters  of  active  volcanos,  and  in  re- 
gions of  granite  and  mica  schist,  twelve  hundred  geographical 
miles  from  any  eruptions  of  fire  ;  in  districts  where  at  cer- 
tain periods  the  inhabitants  take  no  more  notice  of  the  num- 
ber of  earthquakes,  than  we  in  Europe  of  that  of  the  showers 
of  rain,  and  where  Bonpland  and  I  were  compelled  to  dis- 
mount, from  the  restiveness  of  our  mules,  because  the  earth 
shook  in  a  forest  for  15  to  18  minutes  without  intermission. 
By  such  long  custom,  as  Boussingault  subsequently  expe- 
rienced even  in  a  still  higher  degree,  one  becomes  fitted  for 
quiet  and  careful  observation,  and  also  for  collecting  varying 
evidence  with  critical  care  on  the  spot,  nay,  even  for  ex- 
amiuing  under  what  conditions  the  mighty  changes  of  the 
surface  of  the  earth,  the  fresh  traces  of  which  one  recognises, 
have  taken  place.     Although  five  years  had  already  elapsed 

1850,  pp.  1 — 89 ;  also  Mcmwil  of  Scientific  Inqytkry  for  the  Use  of  the 
British  Navy,  1849,  pp.  196—223.  William  Hopkins,  On  the  Geological 
Theories  of  Elevation  Mid  EaHhcfuakeSj  in  the  Report  of  the  British  Asso- 
ciation far  1847,  pp.  33 — 92.  The  rigorous  criticism  to  which  Mr. 
Mallet  has  subjected  my  previous  work  in  his  very  valuable  memoirs 
{Irish  Transactions,  pp.  99 — 101,  and  Meeting  of  the  British  Assodoition 
at  Edinbv/rgh,  p.  209),  has  been  repeatedly  made  use  of  by  me. 
'  Thomas  Young,  Lecturer  on  Natvral  Philosophy,  1807,  vol.  L 
717. 
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since  tbe  terrible  earthquake  of  Riobamba,  which,  on  the 
4th  of  February,  1797,  destroyed  upwards  of  30,000  people  in 
a  few  minutes,®  we  nevertheless  saw  the  formerly  advancing 
cone  of  the  Moya'  which  rose  out  of  the  earth,  and  witnessed 
the  employment  of  this  combustible  substance  for  cooking  in 
the  huts  of  the  Indians.  I  might  describe  the  results  of  alte- 
rations of  the  ground  from  this  catastrophe,  which,  although 
on  a  larger  scale,  were  exactly  analogous  to  those  presented 
by  the  famous  earthquake  of  Calabria  (February  1783), 
and  were  long  considered  to  have  been  represented  in  an 
incorrect  and  exaffsjerated  manner,  because  they  could  not 
be  explained  in  ac^rdance  with  hazily  formed  theories. 

By  carefully  separating,  as  we  have  already  indicated,  the 
investigation  of  that  which  gives  the  impulse  to  the  vibra- 
tion, from  that  of  the  nature  and  propagation  of  the  waves 
of  commotion,  we  distinguish  two  classes  of  problems  of  very 
unequal  accessibility.  The  former,  in  the  present  state  of 
our  knowledge,  can  lead  to  no  generally  satisfactory  results, 
as  is  the  case  with  so  many  problems  in  which  we  wish  to 
ascend  to  primary  causes.  Nevertheless,  whilst  we  are  en- 
deavouring to  discover  laws  in  that  which  is  submitted  to 
actual  observation,  it  is  of  great  cosmical  interest  that  we 
should  bear  constantly  in  mind  the  various  genetic  explana- 
tions which  have  hitherto  been  put  forward  as  probable. 
As  with  all  vulcanicity,  the  greater  part  of  these  refer, 
under  various  modifications,  to  the  high  temperature  and 
chemical  nature  of  the  fused  interior  of  the  earth ;  one  of  the 
most  recent  explanations  of  earthquakes  in  trachytic  regions, 
is  the  result  of  geognostic  suppositions  regarding  the  want  of 
cohesion  in  rocky  masses  raised  hy  volcanic  action.  The  fol- 
lowing summary  fiimishes  a  more  exact  but  very  brief  indi- 
cation of  the  variety  of  views  as  to  the  nature  of  the  first 
impulse  to  the  commotion  : — 

The  nucleus  of  the  earth  is  supposed  to  be  in  a  state  of 
igneous  fluidity,  as  the  consequence  of  every  planetary 
process  of  formation  from  a  gaseous  material,  by  evolution 

^  I  follow  the  statistical  account  communicated  to  me  by  the  Corre- 
gidor  of  Tacunga  in  1802.  It  rose  to  a  loss  of  30,000—34,000  people, 
but  some  twenty  years  later  the  number  of  those  killed  immediately 
was  reduced  by  about  one-third. 

•  Cosmot,  vol  i,  p.  209,  Bohn's  edition. 
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of  heat  during  the  transition  from  fluidity  to  solidity. 
The  external  strata  were  first  cooled  by  radiation,  and 
were  the  first  to  become  consolidated.  The  commotion  is 
occasioned  by  an  unequal  ascent  of  elastic  vapours  formed 
(at  the  limit  between  the  fluid  and  solid  parts)  either  from 
the  fiised  terrestrial  mass  alone,  or  from  the  penetration 
of  sea-water  into  higher  strata  of  rock,  nearer  to  the  sur- 
face of  the  earth,  the  sudden  opening  of  fissures,  and  by 
the  sudden  ascent  of  vapours  produced  in  the  hotter  and 
consequently  more  elastic  depths.  The  attraction  of  the 
moon  and  sun*^  on  the  fluid,  fused  surface  of  the  nucleus 

^^  Hopkins  has  expressed  doubts  as  to  the  action  upon  the  fused 
"  subjacent  fluid  confined  into  internal  lakes,*'  at  the  Meeting  of  the 
British  Association  for  1847  (p.  57),  as  Mallet  has  also  done  with  regard 
to  ^'the  subterraneous  lava  tidal  wave,  moving  the  solid  crust  above  it," 
at  the  British  Association  Meeting  for  1850  (p.  20).  Poisson  also,  with 
whom  I  have  often  spoken  regarding  the  hypothesis  of  the  subterranean 
ebb  and  flow,  caused  by  the  sun  and  moon,  considers  the  impulse, 
which  he  does  not  deny,  to  be  inconsiderable,  '*  as  in  the  open  sea  the 
effect  scarcely  amounts  to  14  inches."  Ampere,  on  the  other  hand, 
says  : — **  Those  who  admit  the  fluidity  of  the  internal  nucleus  of  the 
earth,  do  not  appear  to  have  sufficiently  considered  the  action  which 
would  be  exercised  by  the  moon  upon  this  enormous  liquid  mass ;  an 
action  from  which  would  result  tides  analogous  to  those  of  our  seas, 
but  far  more  terrible,  both  from  their  extent  and  from  the  density  of 
the  liquid.  It  is  difficult  to  conceive  how.  the  envelope  of  the  earth 
should  be  able  to  resist  the  incessant  action  of  a  sort  of  hydraulic 
ram(?)  of  1400  leagues  in  length"  (Ampere,  Thiorie  de  la  Terre,  in  Jlevue 
des  deux  Mondes,  July,  1833,  p.  148).  If  the  interior  of  the  earth  be 
fluid,  which  in  general  cannot  be  doubted,  as,  notwithstanding  the 
eoormous  pressure,  the  particles  are  still  displaceable,  then  the  same 
conditions  are  fulfilled  in  the  interior  of  the  earth  that  give  rise  on  the 
surface  to  the  ocean  tides;  and  the  tide-producing  force  will  con- 
stantly become  weaker  in  approaching  the  centre,  as  the  diflerence  oi 
the  distances  of  every  two  opposite  points,  considered  in  their  relation 
to  the  attracting  bodies,  constantly  becomes  less  in  receding  from  the 
surface,  and  the  force  depends  exclusively  upon  the  difference  of  the 
distances.  If  the  solid  crust  of  the  earth  opposes  a  resistance  to  this 
eflbrt,  the  interior  of  the  earth  will  only  exert  a  pressure  against  its 
crust  at  these  points;  as  my  astronomical  friend.  Dr.  Brunnow,  ex- 
presses himself,  no  more  tide  will  be  produced  than  if  the  ocean  had  an 
indestructible  covering  of  ice.  The  thickness  of  the  solid  unf  used  crust 
of  the  earth  is  calculated  from  the  fusing  points  of  the  different  kinds 
of  rock,  and  the  law  of  the  increase  of  heat  from  the  surface  into  the 
depths  of  the  earth.  I  have  already  {Cosmos,  vol.  i,  p.  26),  justified 
the  assumption  that,  at  somewhat  more  than  twenty  geographical 
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of  the  earth,  may  also  be  regarded  as  the  subsidiary  action 
of  a  non-telliiric  cause,  by  which  an  increased  pressure  must 
be  produced,  either  immediately  against  a  solid,  superim- 
IKwed  rocky  arch;  or  indirectly,  when  the  soUd  mass  is 
separated,  in  subterranean  basins,  from  the  fused,  fluid 
mass  by  elastic  vapours. 

The  nucleus  of  our  planet  is  supposed  to  consist  of  im- 
oxidised  masses,  the  metalloids  of  the  alkalies  and  earths. 
Volcanic  activity  is  excited  in  the  nucleus  by  the  access 
of  water  and  air.  Volcanoes  certainly  pour  forth  a  great 
quantity  of  aqueous  vapour  into  the  atmosphere  ;  but  the 
assumption  of  the  penetration  of  water  into  the  volcanic 
focus  is  attended  with  much  difficulty,  considering  the 
opposing  pressure"  of  the  external  colLn  of  watJ  and 

miles  (21-^,  25  EngliBh)  below  the  surface,  a  heat  capable  of  melting 
granite  prevails.  Nearly  the  same  number  (45,000  metre8=5  24  geo- 
graphical miles)  was  named  bj  Elie  de  Beaumont  (Qeohgie,  edited  by 
Yogi,  1846,  YoL  i,  p.  82),  as  the  thickness  of  the  solid  crust  of  the 
earth.  Moreover,  acoording  to  the  ingenious  experiments  of  Bischof 
on  the  fusion  of  various  minerals,  of  which  the  importance  to  the  pro- 
gress of  geology  is  so  great,  the  thickness  of  the  unfused  strata  of  the 
earth  is  between  122,590  and  136,448  feet,  or  on  the  average  21^  geo- 
graphical (24^  English)  miles;  see  Bischof,  Wd^rmdehre  des  Iwnem  tmsers 
ErdhSrperi,  pp.  286  and  271.  This  renders  it  the  more  remarkable  to 
me  to  find  that,  with  the  assumption  of  a  definite  limit  between  the 
solid  and  fused  parts,  and  not'of  a  gradual  transition,  Hopkins,  from 
the  fundamental  principles  of  his  speculative  geology,  establishes  the 
result  that  "  the  thickness  of  the  solid  shell  cannot  be  less  than  about 
one-fourth  or  one-fifth(?)  of  the  radius  of  its  external  surface"  (Meeting 
of  British  Association,  1847,' p.  51).  Cordier's  earliest  supposition  was 
only  56  geographical  (72  English)  miles,  without  correction,  which  is 
dependent  upon  the  increased  pressure  of  the  strata  at  great  depths, 
and  the  hypeometrical  form  of  the  surface.  The  thickness  of  the  solid 
part  of  the  crust  of  the  earth  is  probably  very  unequal. 

1^  Qa,j  Lnssac,  RefUxUms  twr  les  Volccms,  in  the  Afmales  de  Chimie  et 
de  Physique,  tome  xxii,  1823,  pp.  418  and  426.  The  author,  who,  in 
company  with  Leopold  von  Buch  and  myself,  observed  the  great  erup- 
tion of  lava  from  Vesuvius  in  September,  1805,  has  the  merit  of  having 
submitted  the  chemical  hypotheses  to  a  strict  criticism.  He  seeks  for 
the  cause  of  volcanic  phenomena  in  a  "very  energetic  and  still  unsatis- 
fied affinity  between  the  substances,  which  a  fortuitous  contact  permits 
them  to  ohejf  in  general  he  favours  the  hypothesis  of  Davy  and 
Ampere,  which  is  now  given  up,  "  supposing  that  the  radicals  of  silica, 
alumina,  lime,  and  iron  are  combined  with  chlorine  in  the  interior  of 
the  earth ,"  and  the  penetration  of  sea  water  does  not  appear  to  him  to 
be  improbable  under  certain  conditions  (pp.  419, 420,  423,  and  426). 
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of  the  internal  lava ;  and  the  deficiency,  or,  at  all  events, 
very  rare  occurrence  of  burning  hydrogen  gas  during  the 
eruption,  (which  the  formation  of  hydrochloric  acid," 
ammonia,  and  sulphuretted  hydrogen,  certainly  does  not 
sufficiently  replace)  has  led  the  celebrated  originator  of 
this  hypothesis  to  abandon  it  of  his  own  accord.^ 

According  to  a  third  view,  that  of  the  highly  endowed 
South  American  traveller,  Boussingault,  a  deficiency  of 
coherence  in  the  trachytic  and  dolentic  masses  which  form 
the  elevated  volcanoes  of  the  chain  of  the  Andes,  is  re- 
garded ^as  a  primary  cause  of  many  earthquakes  of  very 
great  extent.  The  colossal  cones  and  dome-like  summits 
of  the  Cordilleras,  according  to  this  view,  have  by  no 
means  been  elevated  in  a  soft  and  semifluid  state,  but 
have  been  thrown  up  and  piled  on  one  another  when  per- 
fectly hardened,  in  the  form  of  enormous,  sharp-edged 
fragments.  In  an  elevation  and  piling  of  this  description, 
large  interstices  and  cavities  have  necessarily  been  pro- 
duced ;  so  that  by  sudden  sinking,  and  by  the  fall  of  solid 
masses  which  are  too  weakly  supported,  shocks  are  pro- 
duced.** 

Upon  the  difficulty  of  a  theory  founded  upon  the  penetration  of  water, 
see  Hopkins,  Bnt.  Assoc.  B^.  1847,  p.  38. 

^  According  to  the  beautiful  analyses  made  by  BoussmgauH,  on  the 
mai^ins  of  five  craters  (Tolima,  Purace,  Pasto,  Tuqueras,  and  Cumbal), 
hydrochloric  acid  is  entirely  wanting  in  the  vapours  poured  forth  by 
the  South  American  volcanoes,  but  not  in  those  of  It^ly  {Annales  de 
Chimie,  tome  lii,  1883,  pp.  7  and  28). 

^  Cosmos,  vol.  i,  p.  234,  Bohn's  edition.  Whilst  Davy,  in  the  most 
distinct  manner,  gave  up  the  opinion  that  volcanic  eruptions  are  a  con- 
sequence  of  the  contact  of  the  metalloid  bases  with  water  and  air,  he 
still  asserted  that  the  presence  of  oxidizable  metalloids  in  the  interior 
of  the  earth  might  be  a  co-operating  cause  in  volcanic  processes  already 
commenced. 

^*  Boussingault  says  : — "  I  attribute  most  of  the  earthquakes  in  the 
Cordillera  of  the  Andes  to  falls  produced  in  the  interior  of  these  moun- 
tains by  the  subsidence  which  takes  place,  and  which  is  a  consequence  of 
their  elevation.  The  mass  which  constitutes  these  gigantic  ridges  has 
not  been  raised  in  a  soft  state ;  the  elevation  did  not  take  place  until 
after  the  solidification  of  the  rocks.  I  assume,  therefore,  that  the  ele- 
vated masses  ot  the  Andes  are  composed  of  fragments  heaped  upon  each 
other.  The  consolidation  of  the  fragments  could  not  be  so  stable  from 
the  beginning  as  that  there  should  be  no  settlements  after  the  elevation, 
or  that  there  should  be  no  interior  movements  in  the  fragmentary 
masses"  (Boussingault,  Sva-  Us  TremblemenM  de  Terre  des  Andes,  in 


EAKTHQtrAEES.  171 

The  effects  of  the  impulse^  the  waves  ofeommotian,  may  be 
reduced  to  simple  mecnanictd  theories  with  more  distinctness 
than  is  furnished  by  the  consideration  of  the  nature  of  the 
first  impulse,  which  indeed  may  be  regarded  as  heterogeneous. 
As  already  observed,  this  part  of  our  knowledge  has  advanced 
essentially  in  very  recent  times.  The  earth-waves  have  been 
represented  in  their  progress  and  their  propagation  through 
rocks  of  different  density  and  elasticity ;"  the  causes  of  the 
rapidity  of  propagation,  and  its  diminution  by  the  refrac^ 
tian,  reflection,  and  intcfference^*  of  the  oscillations  have  been 

AimaUs  de  Chimie  et  de  Physique^  tome  Iviii,  1835,  pp.  84 — 86).  In 
the  descripnon  of  his  memorable  ascent  of  Chimborazo  {Ascension  au 
Chimhorazo  le  16  2Mc.  1831,  loc.  cit.  p.  176),  he  says  again: — "Like 
Cotopaxi,  Antisana,  Tung^ragua,  and  the  volcanoes  in  general  which  pro- 
ject from  the  plateaux  of  ^he  Andes,  the  mass  of  Chimborazo  is  formed 
by  the  accumulation  of  trachytic  dibriSf  heaped  together  without  any 
order.  These  fragments,  often  of  enormous  volume,  have  been  elevated 
in  the  solid  state  by  elastic  fluids  which  have  broken  out  through  the 
points  of  least  resistance ;  their  angles  are  always  sharp."  The  cause 
of  earthquakes  here  indicated  is  the  same  as  that  which  Hopkins  calls 
"  a  shock  produced  by  the  falling  of  the  roof  of  a  subterranean  cavity," 
in  his  ''Analytical  Theory  of  Volcanic  Phenomena"  {BrU.  Assoc.  Report, 
1847,  p.  82). 

^  Mallet,  Dynamics  of  Earthquakes,  pp.  74,  80,  and  82 ;  Hopkins, 
BrU.  Assoc.  Report,  1847,  pp.  74 — 82.  AU  that  we  know  of  the  waves 
of  commotion  and  oscillations  in  solid  bodies  shows  the  untenability  of 
the  older  theories  as  to  the  facilitation  of  the  propagation  of  the  move- 
ment by  a  series  of  cavities.  Cavities  can  only  act  a  secondary  part  in 
the  earthquake,  as  spaces  for  the  accumulation  of  vapours  and  con- 
densed gases.  "  The  earth,  so  many  centuries  old,"  says  Gay  Lussac 
very  beautifully  (Arm.  de  Chimie  et  de  Phys.  tome  xzii,  1823,  p.  428), 
"  still  preserves  an  internal  force,  which  raises  mountains  (in  the  oxi- 
dized crust),  overturns  cities  and  agitates  the  entire  mass.  Most  moun- 
tains, in  issuing  from  the  bosom  of  the  earth,  must  have  left  vast  cavi- 
ties, which  have  remained  empty,  at  least  unless  they  have  been  filled 
with  water  (and  gaseous  fluids).  It  is  certainly  incorrect  for  Deluc  and 
many  geologists  to  make  use  of  these  empty  spaces,  which  they  imagine 
produced  into  long  galleries,  for  the  propagation  of  earthquakes  to  a 
distance.  These  phenomena,  so  grand  and  terrible,  are  very  powerful 
sonorous  waves,  excited  in  the  solid  mass  of  the  earth  by  some  commo- 
tion, which  propagates  itself  therein  with  the  same  velocity  as  sound. 
The  movement  of  a  carriage  over  the  pavement  shakes  the  vastest  edi- 
fices, and  communicates  itself  through  considerable  masses,  as  in  the 
deep  quarries  below  the  city  of  Paris." 

^  Upon  phenomena  of  interference  in  the  earth-waves,  aoalogous  to 
those  of  the  waves  of  sound,  see  Cosmos,  vol.  i,  p.  211,  Bohn's  edition, 
and  Humboldt,  Kleinere  Schriftm,  Bd.  i.  p.  879. 
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matlieinatically  investigated.  Attempts  have  been  made  to 
reduce  to  a  rectilinear^  standard  the  apparently  circling 
{rotatory)  shocks  of  which  the  obelisks  before  the  monasteiy 
of  San  Bruno,  in  the  small  town  of  Stephano  del  Bosco 
(Calabria,  1783),  furnished  such  a  well-known  example.  Air, 
water,  and  earth-waves  follow  the  same  laws  which  are  re- 
cognized by  the  theory  of  motion,  at  all  events  in  space  ;  but 
the  earth-waves  are  accompanied,  in  their  destructive  action, 
by  phenomena  which  remain  more  obscure  in  their  nature 
and  belong  to  the  class  of  physical  processes.  As  such  we  have 
to  mention, — discharges  of  elastic  vapours,  and  of  gases; 
or,  as  in  the  small,  moving  Moya-cones  of  Pelileo,  grit-like 
mixtures  of  pyroxene  crystals,  carbon,  and  infusorial  animal- 
cules with  silicious  shields.  These  wandering  cones  have 
overthrown  a  great  number  of  Indian  huts." 

In  the  general  Delineation  of  Nature  many  facts  are 
narrated  concerning  the  great  catastrophe  of  Riobamba  (4th 
of  February,  1797),  which  were  collected  on  the  spot  from 
the  lips  of  the  survivors,  with  the  most  earnest  endeavours 
after  historic  truth.  Some  of  them  are  analogous  to  the 
occurrences  in  the  great  earthquake  of  Calabria  in  the  year 
1783 ;  others  are  new,  and  especially  characterized  by  the 
mine-like  manifestation  of  force  from  below  upwards.  The 
earthquake  itself  was  neither  accompanied  nor  announced  by 
any  subterranean  noise.  A  prodigious  explosion,  still  indi- 
cated by  the  simple  name  of  el  gran  ruido,  was  not  per- 
ceived until  18  or  20  minutes  afterwards,  and  only  under 
the  two  cities  of  Quito  and  Ibarra,  far  removed  from  Ta- 
camga,  Hambato,  and  the  principal  scene  of  the  destruc- 
tion. There  is  no  other  event  in  the  troubled  destinies 
of  the  human  race,  by  which  in  a  few  minutes,  and  in 
sparingly  peopled  mountain  lands,  so  many  thousands  at 
once  may  be  overtaken  by  death,  as  by  the  production 
and  passage  of  a  few  earth-waves,  accompanied  by  pheno- 
mena of  cleavage ! 

^^  Hd^llet  on  vorticose  shocks  and  cases  of  twisting,  in  Brit.  A  Mac, 
lieport,  1850,  pp.  83  aad  49,  and  in  th<»  Admiralty  Manual,  1849,  p.  213 
(see  Cosmos,  vol  i,  p.  199,  Bohn's  edition). 

^  The  Moya-cones  were  seen  by  Boussingault  nineteen  years  after  I 
saw  them.  **  Muddy  eruptions,  consequences  of  the  earthquake,  like 
the  eruptions  of  the  Moya  of  Pelileo,  which  have  buried  entire  vUlages'' 
{Ann.  de  Chim,  et  de  Phys,  t.  Iviii,  p.  81). 
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In  tHe  eartbqaake  of  Siobamba,  of  whicH  the  celebrated 
Yalencian  botsuiist,  Don  Jos6  Cayanilles,  gave  the  earliest 
account,  the  following  phenomena  are  deserring  of  special 
attention :—  fissures  which  alternately  opened  and  closed 
again,  so  that  men  saved  themselves  by  extending  both 
arms  in  order  to  prevent  their  sinking ;  the  disappearance 
of  entire  caravans  of  riders  or  loaded  mules  {recuasjj  some  of 
which  disappeared  through  transverse  fissures  suddenly  open- 
ing in  their  path,  whilst  others,  flying  back,  escaped  the 
danger ;  such  violent  oscillations  (non-simultaneous  elevation 
and  depression)  of  neighbouring  portions  of  the  ground,  ih&t 
people  standing  upon  the  choir  of  a  church  at  a  height  of 
more  than  12  feet,  got  upon  the  pavement  of  the  street 
without  falling  ;  the  sinking  of  massive  houses,^*  in  which  the 
inhabitants  could  open  inner  doors,  and  for  two  whole  days^ 
before  they  were  released  by  excavations,  passed  uninjured 
from  room  to  room,  procured  lights,  fed  upon  supplies  acci- 
dentally discovered,  and  disputed  with  each  other  r^arding 
the  probability  of  their  rescue ;  and  the  disappearance  of 
such  great  masses  of  stones  and  building  materials.  Old 
Kiobtunba  contained  churches  and  monasteries  amongst 
houses  of  several  stories;  and  yet,  when  I  took  the  plan  of 
the  destroyed  city,  I  only  found  in  the  ruins  heaps  of  stone 
of  8  to  10  feet  in  height.  In  the  south-western  part  of  Old 
Itiobamba  (the  former  Barrio  de  Si^chu^uaicu)  a  mine- 
like explosion,  the  effect  of  a  force  from  below  upwards,  was 
distinctly  perceptible.  On  the  Oerro  de  la  Culca,  a  hill  of 
some  hundred  feet  in  height,  which  rises  above  the  Oerro  de 
Cumbiearca  situated  to  the  north  of  it,  there  lies  stony  rub- 
bish mixed  with  himian  bones.  Translatory  movements^  in  a 
horizontal  direction,  by  which  avenues  of  trees  become 
displaced,  without  being  uprooted,  or  fragments  of  culti- 
vated ground  of  very  different  kinds  mutually  displace 
each  other,  have  occurred  repeatedly  in  Quito,  as  well  as 

^  Upon  the  displacement  of  buildings  and  plantations  daring  the 
earthquake  of  Calabria,  see  Lyell's  Prmcipln  of  Oedogy,  vol  i,  pp«  484 
— 491.  Upon  escapes  in  fissures  during  the  great  earthquake  of  Rio- 
bamba»  see  my  RiUaum  ffistorique,  tome  ii,  p.  642.  As  a  remarkable 
eocample  of  the  closing  of  a  fissure  it  must  be  mentioned  that,  according 
to  Scacchi's  report,  during  the  celebrated  earthquake  (in  the  summer 
of  1851),  in  the  Neapolitan  province  of  Basilioata,  a  hen  was  found 
caught  by  both  feet  in  the  street  pavement  in  Barile,  near  Melfi* 
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in  Calabria.  A  still  more  remarkable  and  complicated  phe- 
nomenon is  the  disooveiy  of  utensils  belonging  to  one 
house  in  the  ruins  of  another  at  a  great  distance ;  a  cir- 
cumstance which  has  given  rise  to  law-suits.  Is  it,  as  the 
natives  believe,  a  sinking  followed  by  an  eruption  ?  or, 
notwithstanding  the  distance,  a  mere  projection  ?  As, 
in  nature,  everything  is  repeated  when  similar  conditions 
again  occur,  we  must,  by  not  concealing  even  what  is  still 
imperfectly  observed,  call  the  attention  of  future  observers 
to  special  phenomena. 

According  to  my  observations  it  must  not  be  forgotten  that 
besides  the  commotion  of  solid  parts  as  earth-waves,  very,  dif- 
ferent forces,  as  for  instance  physical  forces,  emanations  of 
gas  and  vapour,  also  assist  in  most  cases  in  the  production  of 
Jlssures,  When  in  the  undulatory  movement  the  extreme 
limit  of  the  elasticitt/  of  matter  set  in  motion  (according  to 
the  difference  of  the  rocks  or  the  looser  strata)  is  exceeded 
and  separation  takes  place,  tense  elastic  fluid  may  break  out 
through  the  fissures,  bringing  substances  of  various  kinds 
from  the  interior  to  the  sui^ce  and  giving  rise  again  by  their 
eruption  to  translatory  movements.  Amongst  these  pheno- 
mena, which  only  accompany  the  primitive  commotion  (the 
earthquake)  are  the  elevation  of  the  undoubtedly  wandering 
cone  of  the  Moya»  and  probably  also  the  transportation  of 
objects  upon  the  surfeice  of  the  earth.*^  When  large  clefts 
are  formed,  and  these  only  close  again  at  their  upper  parts, 
the  production  of  permanent  subterranean  cavities  may  not 
only  become  the  cause  of  new  earthquakes,  as,  according  to 
Boussingault's  supposition,  imperfectly  supported  masses  be- 
come detached  in  course  of  time  and  fall,  producing  commo- 
tions, but  we  may  also  imagine  it  possible  that  the  circles  of 
commotion  are  enlarged  thereby,  and  that  in  the  new  earth- 
quake, the  clefts  opened  in  the  previous  one  enable  elastic 
fluids  to  act  in  places  to  which  they  could  not  otherwise  have 
obtained  access.     It  is  therefore  an  accompanying  pheno- 

20  CosmoSt  vol.  i,  p.  201,  Bohn's  edition.  Hopkins  has  very  correctly 
shown  theoretically  that  the  fissures  produced  by  earthquakes  are  very 
instructive  as  regards  the  formation  of  veins  and  the  phenomenon  of 
dislocation,  the  more  recent  vein  displacing  the  older  formations.  But 
long  before  Thillips  (in  his  "  Theorie  der  GSnge,*'  1791),  Werner 
showed  the  comparative  ages  of  the  displacing  penetrating  vein  and  of 
the  disrupted  penetrated  rock  (see  Brit,  Asioc.  Reportj  1847,  p.  62). 
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menon,  and  not  the  strength  of  the  wave  commotion  which 
has  once  passed  through  the  solid  parts  of  the  earth,  that 
gives  rise  to  the  gradual  and  very  important,  hut  too  little 
considered  enlargement  of  the  circle  of  commoiion?^ 

Volcanic  activities,  of  which  the  earthquake  is  one  of  the 
lower  grades,  almost  always  include  at  the  same  time,  move- 
ment and  the  physical  production  of  matter.  In  the  Deli- 
neation of  Nature  we  have  already  repeatedly  indicated  that 
water  and  hot  vapours,  carhonic  acid  gas  and  other  mofettes, 
black  smoke  (as  was  the  case  for  several  days  in  the  rock  of 
Alvidras  during  the  earthquake  of  Lisbon  on  the  1st  Novem- 
ber, 1755),  flames  of  Are,  sand,  mud  and  moyas  mixed  with 
charcoal,  rise  from  fissures  at  a  distance  from  all  volcanoes. 
The  acute  geognosist,  Abich,  has  proved  the  connexion  which 
exists  in  the  Persian  Ghilan  between  the  thermal  springs  of 
Sarcin  (5051  feet),  on  the  road  from  Ardebil  to  Tabriz,  and 
the  earthquakes  which  firequently  visit  the  elevated  districts 
in  every  second  year.  In  October,  1 848,  an  imdulatory  move- 
ment of  the  earth,  which  lasted  for  a  whole  hour,  compelled 
the  inhabitants  of  Ardebil  to  abandon  the  town ;  and  the 
temperature  of  the  springs,  which  is  between  44°  and  46°  C. 
(=  111®  —  115°  F.)  rose  immediately  to  a  most  painfiil 
scalding  heat,  and  continued  so  for  a  whole  month."  As 
Abich  says,  nowhere  perhaps  upon  the  face  of  the  earth  is 
*^  the  intimate  connexion  of  fissure-producing  earthquakes, 
with  the  phenomena  of  mud-volcanoes,  of  salses,  of  combus- 
tible gases  penetrating  through  the  perforated  soil,  and  of 

^  Upon  the  Bimultaneoas  commotion  of  the  tertiaiy  limestone  of 
Cumana  and  Maniquarez  since  the  great  earthquake  of  Ciimana  on  the 
14th  December,  1796,  see  Humboldt's  RiUUion  ffittorigne,  tome  i, 
p.  814  ;  Cotmos,  vol.  1,  p.  208,  Bohn's  edition ;  and  Mallet,  ^rit,  Astoc, 
JUport,  1850,  p.  28. 

^  Abich,  on  Daghestan,  Schagdagh,  andQhilan,  in  Poggend.  Annaien, 
Bd.  IzztI,  1849,  p.  157.  The  salt  spring  in  a  well  near  Sassendorf,  in 
Westphalia  (in  the  district  of  Amsberg),  also  increased  about  1^  per 
centb  in  amount  of  saUne  matter,  in  consequence  of  the  widely  extended 
earthquake  of  the  29th  July,  1846,  the  centre  of  commotion  of  which 
is  traced  at  St.  Gk>ar,  on  the  Rhine ;  this  was  probably  because  other 
fissures  of  supply  had  opened  (Noggerath,  Dot  JErdbeben  im  Rheinge- 
hieU  vom  29  JtUi,  1846,  p.  14).  According  to  Charpentier's  observation, 
the  temperature  of  the  sulphureous  spring  of  Lavey  (above  St.  Maurice, 
on  the  bank  of  the  Rhone),  rose  from  87^8  to  97''.3  F.  during  the 
Swiss  earthquake  of  the  25th  August,  1851. 
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petroleum  springs,  more  distinctly  expressed  or  more  clearly 
recognizable,  than  in  the  south-eastern  extremity  of  the 
Caucasus,  between  Schemacha,  Baku,  and  Sallian.  It  is 
the  part  of  the  great  Aralo-Caspian  basro,  in  which  the  earth 
is  most  frequently  shaken."''  I  was  myself  struck  with  the 
remarkable  fact  that  in  Northern  Asia  the  circle  of  commo* 
tion,  the  centre  of  which  appears  to  be  in  the  vicinity  of  Lake 
Baikal,  extends  westwards  only  to  the  eastern  borders  of 
the  Russian  Altai,  as  £w  as  the  silver  mines  of  Biddersk, 
the  trachytic  rock  of  Kruglaia  Sopka  and  the  hot  springs  of 
Bachmanowka  and  Araclum,  but  not  to  the  Ural  chain. 
Further,  towards  the  south,  on  the  other  side  of  the  parallel 
of  45°  N.,  in  the  chain  of  the  Thianschan  (Mountains  of 
Heaven)  there  appears  a  zone  of  volcanic  activity  directed 
from  east  to  west,  with  every  kind  of  manifestation.  It 
extends  not  only  from  the  fire  district  (Ho-tscheu)  in  Tur- 
fan,  through  the  small  chain  of  Asferah  to  Baku,  and  thenoe 
over  Ararat  into  Asia  Minor ;  but  it  is  believed  that  iz  may 
be  traced,  oscillating  between  the  parallels  of  38°  and  40°  N ., 
through  the  volcanic  basin  of  the  Mediterranean  as  far  as 
Lisbon  and  the  Azores.    I  have  elsewhere  ^  treated  in  detail 

®  At  Schemacha  (elevation  2393  feet),  one  of  the  namerous  meteoro- 
logical  stations  founded  by  Prince  Woronzow,  in  the  Cauoasus,  under 
Abich's  directions,  18  earthquakes  were  recorded  by  the  observer  in 
the  journal  in  1848  alone. 

^  See  Asie  CeiUrale,  tome  i,  pp.  324 — 329,  and  tome  ii,  pp.  108 — 
120 ;  and  especially  my  Carte  des  MoTUagnet  et  Volcana  de  FAsie,  com- 
pared with  the  geognostic  maps  of  the  Caucasus,  and  of  the  plateau  of 
Armenia  by  Abich,  and  the  map  of  Asia  Minor  (Argaeus)  by  Peter 
Tschichatschef,  1853  (Rose,  Reise  nock  dem  Urctl,  AUai,  wnd Kcupisckenb 
Meere,  Bd.  ii,  pp.  676  and  697).  In  Atie  Oentrale  we  find: — "BVom 
Tourfan,  situated  upon  the  southern  slope  of  the  Thianchan,  to  the 
Archipelago  of  the  Azores,  there  are  120  degrees  of  longitude.  This  is 
probably  the  longest  and  most  regular  band  of  volcame  reactions,  oscil- 
lating slightly  between  88'  and  40*  of  latitude,  which  exists  upon  the 
face  of  the  earth;  it  greatly 'surpasses  in  extent  the  volcanic  band  of 
the  Cordillera  of  the  Andes  in  South  America.  I  insist  the  more  upon 
this  singular  line  of  ridges,  of  elevations,  of  fissures,  and  of  propaga* 
tions  of  commotions,  which  comprises  a  third  of  the  droumferenoe  of  a 
parallel  of  latitude,  because  some  small  accidents  of  surfiice,  the  un- 
equal elevation  and  the  breadth  of  the  ridges,  or  linear  elevations,  as 
well  as  the  Interruption  caused  by  the  sea-basins  (Aralo-Caapian,  Medi- 
terranean, and  Atlantio  basins),  tend  to  mark  the  great  features 
of  the  geological  constitution  of  the  globe.  (This  bold  dketch  of  a 
regularly  prolonged  line  of  coomiotion  by  no  means  excludes  other 


of  this  important  snbject  of  volcanic  geography.  In  Greece, 
also,  which  has  suffered  firom  earthqni^es  more  than  any 
other  part  of  Europe  (Curtius,  Feloponnesos,  i,  s.  42 — 46), 
it  appears  that  an  immense  number  of  thermal  springs,  some 
still  flowing,  others  already  lost,  have  broken  out  with  earth- 
shocks.  A  similar  thermic  connexion  is  indicated  in  the  re- 
markable book  of  Johannes  Lydus  Upon  earthquakes  {De 
Ostentis,  cap.  liv,  p.  189,  Hase).  The  great  natural  pheno- 
menon of  the  destruction  of  Helice  and  Bura  in  Achaia 
(373  B.C. ;  Cosmos,  vol.  iv,  p.  543)  gave  rise  in  an  especial 
manner  to  hypotheses  regardiog  the  causal  connexion  of 
volcanic  activity.  With  Aristotle  originated  the  cuiious 
theory  of  the  force  of  the  winds  collecting  in  the  cavities 
of  the  depths  of  the  earth  {Meteor,  ii,  p.  368).  By  the  part 
which  they  have  taken  in  the  early  destruction  of  the  monu- 
ments of  the  most  flourishing  period  of  the  arts,  the  unhappy 
frequency  of  earthquakes  in  Greece  and  Southern  Italy  has 
exercised  the  most  pernicious  influence  upon  all  the  studies 
which  have  been  dii^scted  to  the  evolution  of  the  Greek  and 
Boman  civilisation  at  various  epochs.  Egyptian  monuments 
also,  for  example  that  of  a  colossal  Memnon  (27  years  aa), 
have  suffered  from  earthquakes,  which,  as  Letronne  has 
proved,  have  been  by  no  means  so  rare  as  was  supposed  in 
the  valley  of  the  Nile  {Les  Statues  Voeales  de  Memnon^ 
1833,  pp.  23—27,  255). 

The  physical  changes  here  referred  to,  as  induced  by  earth- 
quakes by  the  production  of  fissures,  render  it  the  more  re- 
lines  in  the  direction  of  which  the  moyements  may  also  be  propa- 
gated.)*' As  the  city  of  Khotan  and  the  district  south  of  the  Thian* 
Bchan  has  been  the  most  ancient  and  celebrated  seat  of  Buddhism,  the 
Buddhistic  literature  was  occupied  yery  early  and  earnestly  with  the 
causes  of  earthquakes  (see  Foe-koue-ln,  ou  Relation  da  Royaumes  Bond- 
diques,  translated  by  M.  Abel  R^musat,p.  217).  By  the  followers  of  S&k- 
hyamuni  eight  of  these  causes  are  adduced,  amongst  which  a  revolving 
wheel  of  steel,  hung  with  reliques  Csarlra,  signifying  hodp  in  Sanscrit), 
plays  a  principal  part, — a  mechanical  explanation  of  a  dynamic  phe- 
nomenon, scarcely  more  absurd  than  many  of  our  geological  and  mag- 
netic myths,  which  have  but  recently  become  antiquated  I  According 
to  a  statement  of  Klaproth's,  pnestd,  and  especially  begging  monks  (Bhik- 
dufus)  have  the  powf*^  ^  tanting  ihe  eartii  to  tremble  and  of  setting 
the  subterranean  wheel  in  motion.  The  travels  of  Fahian,  the  author 
of  the  Foe-kane-ki,  date  about  the  commencement  of  the  fifth  cenr 
tury. 
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markable  tliat  so  many  warm  mineral  springs  retain  their 
composition  and  temperature  unchanged  for  centuries,  and 
therefore  must  flow  from  fissures  which  appear  to  have  un- 
dergone no  alteration  either  vertically  or  laterally.  The 
establishment  of  communications  with  higher  strata  would 
have  produced  a  diminution,  and  that  with  lower  ones  an 
increase  of  heat. 

When  the  great  eruption  of  the  volcano  of  Conseguina  (in 
Nicaragua)  took  place  on  the  23rd  of  January,  1835,  the 
subterranean  noise**  {hs  ruidos  suhterrcmeos)  was  heard  at 
the  same  time  on  the  island  of  Jamaica  and  on  the  plateau 
of  Bogota  8740  feet  above  the  sea,  at  a  greater  distance  than 
from  Algiers  to  London.  T  ha»<?  also  elsewhere  observed, 
that  in  the  eruptions  of  the  volcano  on  the  island  of  Saint 
Vincent,  on  the  30th  of  April,  1812,  at  2  o'clock  in  the 
morning,  a  noise  like  the  report  of  cannons  was  heard  with- 
out any  sensible  concussion  of  the  earth  over  a  space  of 
160,000  geographical  square  miles.^  It  is  very  remarkable 
that  when  earthquakes  are  combined  with  noises,  which  is 
by  no  means  constantly  the  case,  the  strength  of  the  latter 
does  not  at  all  increase  in  proportion  to  that  of  the  former. 
The  most  singular  and  mysterious  phenomenon  of  subter- 
ranean sound  is  undoubtedly  that  of  the  bramidos  de  Ghia- 
naoouato  which  lasted  from  the  9th  of  January  to  the  middle 
of  February.  1784.  regarding  which  I  was  the  first  to  collect 
trustworthy  aetaiis  iroiii  the  lips  of  living  witnesses,  and 
from  official  records  {GoBmos^  voL  i,  p.  205). 

The  rapidity  of  the  propagation  of  the  earthquake  upon 
the  surface  of  the  earth  must  from  its  nature  be  modified  in 
many  ways  by  the  variable  densities  of  the  solid  rocky  strata 
(granite  and  gneiss,  basalt  and  trachytic  porphyry,  Jurassic 
limestone  and  gypsum),  as  well  as  by  that  of  the  alluvial 
soil,  through  which  the  wave  of  commotion  passes.      It 

^  AcoBta,  Viajes  derUificoa  d  lot  Andes  ecuatoriales,  1849,  p.  56. 

28  Cosmos,  vol.  i,  pp.  204  —  206 ;  Humboldt,  Relation  Mistoriqtbe, 
t.  iv,  chap.  14,  pp.  81 — 38.  Some  sagacious  theoretical  observations  by 
Mallet  upon  sonorous  waves  in  the  earth  and  sonorous  waves  in  the  air 
occur  in  the  Brit.  Assoc.  Report,  1850,  pp.  41 — 46,  andin  the  Admiralty 
Manual,  1849,  pp.  201  and  217.  The  animals  which  in  tropical  coun- 
tries are  disquieted  by  the  slightest  commotions  of  the  e&rth  sooner 
than  man  are,  according  to  my  experience,  fowls,  pigs,  dogs,  asses,  and 
crocodiles  (CajroMiit);  the  latter  suddenly  quit  the  bottom  i>f  the  riverSi 
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would,  however,  be  desirable^  to  ascertain  once  for  all  with 
certainty  what  are  the  extreme  limits  between  which  the 
velocities  vary.  It  is  probable  that  the  more  violent  com- 
motions by  no  means  always  possess  the  greatest  velocity. 
The  measurements,  moreover,  do  no*  always  relate  to  the 
same  direction  which  the  waves  of  commotion  have  followed. 
Exact  mathematical  determinations  are  much  wanted,  and 
it  is  only  at  a  very  recent  period  that  a  result  has  been  ob- 
tained with  great  exactitude  and  care  firom  the  Bhenish 
earthquake  of  the  29th  of  July,  1846,  by  Julius  Schmidt, 
assistant  at  the  Observatory  of  Bonn.  In  the  earthquake 
just  mentioned  the  velocity  of  propagation  was  14,956 
geographical  miles  in  a  minute,  that  is  1466  feet  in  the 
second.  This  velocity  certainly  exceeds  that  of  the  waves  of 
sound  in  the  air ;  but  if  the  propagation  of  sound  in  water 
is  at  the  rate  of  5016  feet,  as  stated  by  CoUadon  and  Sturm, 
and  in  cast  iron  tubes  11393  feet,  according  to  Biot,  the 
result  found  for  the  earthquake  appears  very  weak.  For 
the  earthquake  of  Lisbon  on  the  1st  of  November,  1755, 
Schmidt  (working  from  less  accurate  data)  found  the  velocity 
between  the  coasts  of  Portugal  and  Holstein  to  be  more 
than  five  times  as  great  as  that  observed  on  the  Rhine,  on 
the  29th  of  July,  1846.  Thus,  for  Lisbon  and  Gliickstadt  (a 
distance  of  1348  English  miles)  the  velocity  obtained  was 
89.26  miles  in  a  minute  or  7953  feet  in  a  second ;  which^ 
however,  is  still  3438  feet  less  than  in  cast  iron." 

^  Julius  Schmidt,  in  Noggerath,  Vf^tr  das  Erdbeben  vcm  29  Juliy 
1846,  8.  28 — 37.  With  the  velocity  stated  in  the  text,  the  earthquake 
of  Lisbon  would  have  passed  round  the  equatorial  drciunference  of 
the  earth  in  about  45  hours.  Michell  {Phil.  Tranaact.  voL  i,  pt.  ii, 
p.  572)  found  for  the  same  earthquake  of  the  Ist  November,  1755,  a 
velocity  of  only  50  English  miles  in  a  minute,  that  is,  instead  of  7956, 
only  4444  feet  in  a  secoud.  The  inexactitude  of  the  older  obser- 
vations and  difference  in  the  direction  of  propagation  taay  conduce  to 
this  result.  Upon  the  connexion  of  Neptune  with  earthquakes,  at 
which  I  have  glanced  in  the  text  (p.  181),  a  passage  of  Proclus  in  the 
commentary  to  Plato's  Cratylus,  throws  a  remarkable  light.  "  The 
middle  oue  of  the  three  deities,  Poseidon,  is  the  cause  of  movement  in 
all  things,  even  in  the  immovtMe,  As  the  originator  of  movement  he  is 
called  *Evvoaiyatog;  to  him,  of  those  who  shared  the  empire  of  Saturn, 
fell  the  middle  lot,  the  easUy  moved  sea"  (Creuzer,  Symbolik  und 
Mythohgie,  Th.  iii,  1842,  s.  260).  As  the  Atlantis  of  Solon  and  the 
Lyctonia,  which,  according  to  my  idea,  was  nearly  allied  to  it,  are 
geological  myths,  both  the  lands  destroyed  by  earthquakes  are  re- 
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Concussions  of  tlie  earth  and  sudden  eruptions  of  fire 
from  volcanoes  which  have  been  long  in  repose,  whether 
these  merely  emit  cinders,  or,  like  intermittent  springs^ 
pour  forth  fused,  fluid  earths  in  streams  of  lava^  have  cer- 
tainly .  a  single,  common  causal  connexion  in  the  high 
temperature  of  the  interior  of  oiu:  planet ;  but  one  of  these 
phenomena  is  usually  manifested  quite  independently  of  the 
other.  Thus,  in  the  chain  of  the  Andes  in  its  linear  exten- 
sion, violent  earthqiiakes  shake  districts  in  which  unextin- 
guished, often  indeed  active,  volcanoes  exist,  without  the  lat- 
ter being  perceptibly  excited.  During  the  great  catastrophe 
of  Hiobamba,  the  volcanoes  of  Tungurahua  and  Cotopaxi,  the 
former  in  the  immediate  vicinity,  and  the  latter  rather  fur- 
ther off,  remained  perfectly  quiet.  On  the  other  hand,  vol- 
canoes have  presented  violent  and  long-continued  eruption^ 
without  any  earthquake  being  perceived  in  their  vicinity, 
either  previously  or  simultaneously.  In  fact,  the  most  de- 
structive  earthquakes  recorded  in  history,  and  which  have 
passed  through  many  thousand  square  miles,  if  we  may  judge 
from  what  is  observable  at  the  surfisuse,  stand  in  no  connexion 
with  the  activity  of  volcanoes.  These  have  lately  been  called 
Flutonic,  in  opposition  to  the  true  Volcanic  earthquakes, 
which  are  usually  limited  to  smaller  districts.  In  respect  of 
the  more  general  views  of  vulcanicity,  this  nomenclature  is, 
however,  inadmissible.  By  far  the  greater  part  of  the  earth- 
quakes upon  our  planet  must  be  called  Plutonic. 

That  which  is  capable  of  exciting  earth-shocks,  is  every- 
where under  our  feet ;  and  the  consideration  that  nearly 
|ths  of  the  earth's  surfece  are  covered  by  the  sea  (with 
the  exception  of  some  scattered  islands)  and  without  any 
permanent  communication  between  the  interior  and  the 
atmosphere,  that  is  to  say,  without  active  volcanoes,  contra- 
dicts the  erroneous,  but  widely  disseminated  belief  that  all 
earthquakes  are  to  be  ascribed  to  the  eruption  of  some  dis- 
tant volcano.    Earthquakes  on  continents  are  certainly  propa- 

garded  as  standing  under  the  dominion  of  Neptune,  and  set  in  opposi- 
tion  to  the  Saturnian  continents.  According  to  Herodotus  (lib.  ii, 
c.  43  et  50),  Neptune  was  a  Libyan  deity,  and  unknown  in  Egypt. 
Upon  these  circumstances — the  disappearance  of  the  Libyan  lake 
Tritonis  by  earthquake — and  the  idea  of  the  great  rarity  of  earthquakes 
in  the  valley  of  the  Nile,  sea  my  £xamen  Critique  de  la  Oeographie,  t.  i, 
pp.  171  and  179. 


>v_. 


EASTHQUAEES.  181 

gated  slotig  the  s^etrbottom  from  the  shores^  and  give  rise  to 
the  terribte  sea-waves,  of  which  such  memorable  examples 
were  furnished  by  the  earthquakes  of  Lisbon,  Callao  de  Lima, 
and  Chili  "When,  on  the  contrary,  the  earthquakes  start 
from  the  sea  bottom  itself  from  the  realm  of  Poseidon,  the 
earth-shaker  (ffeurtxOtvv,  KtvrialxOwv)^  and  are  not  accom- 
panied by  upheaval  of  islands  (as  in  the  ephemeral  exist- 
ence of  the  island  of  Sabrina  or  Julia),  an  unusual  rolling 
and  swelling  of  the  waves  may  stiU  be  observed  at  pomts 
where  the  navigator  would  feel  no  shock.  The  inhabitants  oi 
the  desert  Peruvian  coasts  have  often  called  my  attention  to 
a  phenomenon  of  this  kind.  Even  in  the  harbour  of  Callao, 
and  near  the  opposite  island  of  San-  Lorenzo,  I  have  seen 
wave  upon  wave  suddenly  rising  up  in  the  course  of  a  few 
hours  to  more  than  10  or  15  feet,  in  perfectly  still  nights, 
and  in  this  otherwise  so  thoroughly  peaceful  part  of  the  South 
Sea.  That  such  a  phenomenon  might  have  been  the  conse- 
quence of  a  storm  which  had  raged  far  off  upon  the  open  sea, 
was  by  no  means  to  be  supposed  in  these  latitudes. 

To  commence  from  those  commotions  which  are  limited 
to  the  smallest  space,  and  evidently  owe  their  origin  to  the 
activity  of  a  voleano,  I  may  mention  in  the  first  place  how 
when  sitting  at  night  in  the  crater  of  Vesuvius  at  the  foot 
of  a  small  cone  of  eruption  with  my  chronometer  in  my  hand, 
(this  was  after  the  great  earthquake  of  Naples  on  the  26th  of 
July,  1805,  and  the  eruption  of  lava  which  took  place  seven- 
teen days  subsequently),  I  felt  a  concussion  of  the  soil  of 
the  crater  very  regularly  every  20  or  25  seconds,  imme- 
diately before  each  eruption  of  red  hot  cinders.  The  cinders* 
thrown  up  to  a  height  of  50 — 60  feet  fell  back  partly  into 
the  orifice  of  eruption,  whilst  a  part  of  them  covered  the 
walls  of  the  cone.  The  regularity  of  sucK  a  phenomenon 
renders  its  observation  free  from  danger.  The  constantly 
repeated  small  earthquake  was  quite  imperceptible  beyond 
the  crater, — even  in  the  Jirio  del  Gavallo  and  in  the  Her- 
mitage del  Salvatore,  The  periodicity  of  the  concussion 
shows  that  it  was  dependent  upon  a  determinate  degree  of 
tension  which  the  vapours  must  attain,  to  enable  them  to 
break  through  the  frised  mass  in  the  interior  of  the  cone 
of  cinders.  In  the  case  just  described  no  concussions  were 
felt  on  the  declivity  of  the  ashy  cone  of  Vesuvius,  and  in  an' 
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exactly  analogous  but  far  grander  plienomenon,  on  the  ash- 
cone  of  the  volcano  of  Sangai,  which  rises  to  a  height  of 
17,006  feet  to  the  south-east  of  the  city  of  Quito,  no  trem- 
bling  of  the  earth"  was  felt  by  a  yerjr  distinguished  observer, 
M.  Wisse,  when  (in  December,  1849,)  he  approached  within 
a  thousand  feet  of  the  summit  and  crater,  although  no  less 
than  267  explosions  (eruptions  of  cinders)  were  counted  in 
an  hour. 

A  second,  and  infinitely  more  important  kind  of  earth- 
quake, is  the  very  frequent  one  which  usually  accompanies 
or  precedes  great  eruptions  of  volcanoes, — whether  the  vol- 
canoes, like  ours  in  Europe,  pour  forth  streams  of  lava  ;  or 
like  Cotopaxi,  Pichincha,  and  Tunguragua  of  the  Andes 
only  throw  out  calcined  masses,  ashes  and  vapours.  For 
eaihquakes  of  this  kind  the  volcanoes  are  esj^iaUy  to  be 
regarded  as  safety  valves,  as  indicated  even  by  Strabo's  ex- 
prission  conceniig  the  fissur«  pouring  out  lavl  near  Leknte 
in  Euboea.  The  earthquakes  ceas^  when  the  great  eruption 
has  taken  place. 

Most  widely^  distributed,  however,  are  the  ravages  of  the 
waves  of  commotion  which  pass  sometimes  through  completely 
uon-trachytic,  non-volcanic  countries  and  sometimes  through 

^  The  explosions  of  the  Sangai,  or  Volcan  de  Macas,  took  place  on 
an  average  every  13''.4,  see  Wisse,  Comptes  rendiu  de  VAcad,  des 
Sciences,  tome  zxxvi,  1853,  p.  720.  As  an  example  of  commotions  con- 
fined within  the  narrowest  limits,  I  m^ht  also  have  cited  the  report  of 
Count  Larderel  upon  the  lagoons  in  Tuscany.  The  vapours  containing 
boron  or  bocacic  acid  give  notice  of  their  existence  and  of  their  ap- 
proaching eruption  at  fissures  by  shaking  the  surrounding  rocks  (Lar- 
derel, Swr  lea  StablisaemerUs  industriela  de  la  production  dcunde  boradgue 
en  Toscane,  1852,  p.  15). 

^  I  am  glad  that  I  am  able  to  cite  an  important  authority  in  confir- 
mation of  the  views  that  I  have  endeavoured  to  develope  in  the  text. 
"  In  the  Andes  the  oscillation  of  the  soil,  due  to  a  volcanic  eruption, 
is,  so  to  speak,  local,  whilst  an  earthquake,  which,  at  all  events  in  ap- 
pearance, is  not  connected  with  any  volcanic  eruption,  is  propagated  to 
incredible  distances.  In  this  case  it  has  been  remarked  that  the 
shocks  followed  in  preference  the  direction  of  the  chains  of  mountains, 
and  were  principally  felt  in  Alpine  districts.  The  frequency  of  the 
movements  in  the  soil  of  the  Andes,  and  the  little  coincidence  observed 
between  these  movements  and  volcanic  eruptions,  must  necessarily  lead 
us  to  suppose  that  vn  most  eases  they  are  occasioned  by  a  cause  inde^ 
pendent  of  volcanoes"  (Boussingault,  Armales  de  Ckivm  et  de  Physique, 
t.  IvUi,  1835,  p.  83). 
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trachyticy  Tolcanic  regions,  without  exerting  any  liJiuence 
upon  the  neighbouring  volcanoes.  This  is  a  third  group  of 
phenomena,  and  is  that  which  most  convincingly  indicates 
the  existence  oi  a  general  cause,  lying  in  the  thermic  nature 
of  the  interior  of  our  planet.  To  this  third  group  also  be- 
longs the  phenomenon^  sometimes,  though  rarely,  met  with 
in  non-volcaiiic  lands,  but  little  disturbed  by  earthquakes, 
of  a  trembling  of  the  soil,  within  the  most  narrow  limits, 
continued  uninterruptedly  for  months  together,  so  as  to  give 
rise  to  apprehensions  of  an  elevation  and  formation  of  an 
active  volcano.  This  was  the  case  in  the  Piedmontese  val- 
leys of  Pelis  and  Ciusson,  as  well  as  in  the  vicinity  of  Pig- 
nerol  in  April  and  May,  1805,  and  also  in  the  spring  of  1829 
in  Murcia,  between  OrUiuela  and  the  sea-shore,  upon  a  space 
of  scarcely  sixteen  square  miles.  When  the  cultivated  sur- 
face of  Jorullo  upon  the  western  declivity  of  the  plateau  of 
Mechoacan  in  the  interior  of  Mexico  was  shaken  uninter- 
ruptedly for  90  days,  the  volcano  rose  with  many  thousand 
cones  of  5 — 7  feet  in  height  {hs  homitos)  surrounding  it, 
and  poured  forth  a  short  but  vast  stream  of  lava.  In  Pied- 
mont and  Spain,  on  the  contrary,  the  concussions  of  the 
r^arth  gradually  ceased,  without  the  production  of  any  other 
phenomenon. 

I  have  considered  it  expedient  to  enumerate  the  perfectly 
distinct  kinds  of  manifestation  of  the  same  volcanic  activity 
(the  reaction  of  the  interior  of  the  earth  upon  its  surface) 
in  order  to  guide  the  observer,  and  bring  together  materials 
which  may  lead  to  fruitful  results  with  regard  to  the  causal 
connexion  of  the  phenomena.  Sometimes  the  volcanic 
activity  embraces  at  one  time  or  within  short  periods  sp 
large  a  portion  of  the  earth,  that  the  commotions  of  the  soil 
excited  may  be  ascribed  simultaneously  to  many  causes  re- 
lated to  each  other.  The  years  1796  and  1811  present  par- 
ticularly memorable  examples  ^  of  such  a  grouping  of  the 
phenomena. 

»  The  great  phenomena  of  1796  and  1797,  and  1811  and  1812, 
occurred  in  the  following  order  : — 

27th  of  September,  1796.  Eruption  of  the  volcano  of  the  island  of 
Ouadaloupe,  in  the  Leeward  Islands,  after  a  repose  of  many  years 

November,  1796.  The  volcano  on  the  plateau  of  Pasto,  between 
the  small  rivers  Guaytara  and  Juanambu,  became  ignited  and 
began  to  smoke  permanently ; 
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b.  Thermal  ^^rvngs* 

(Amplification  of  the  Representation  of  Natnra 
CosmoSy  voL  i,  pp.  216 — 221). 

As  a  consequence  of  the  vital  activity  of  the  interior  of 
our  planet,  evidenced  in  iTregolarly  repeated  and  often 
fearfully   destructive  phenomena,    we  have  described  the 

14th  of  December,  1796.  Earthquake  and  destruction  of  the  city  of 
Cumana; 

4thof  February,  1797.  Earthquake  and  deetmction  of  Riobamba.  On 
the  same  morning  the  oolunms  of  smoke  of  the  volcano  of  Piuto, 
at  a  distance  of  at  least  200  geographical  miles  from  Riobamba, 
disappeared  suddenly,  and  never  reappeared ;  no  commotion  was 
felt  in  its  yidnity. 


80th  of  January,  1811.  Mrst  appearance  of  the  island  of  Sabrina,  in 
the  group  of  the  Azores,  near  the  island  of  St.  Michael.  The  ele- 
vation preceded  the  eruption  of  fire,  as  in  the  case  of  the  little 
Kameni  (Santorin)  and  that  of  the  volcano  of  Jorullo.  After  an 
eruption  of  cinders,  lasting  for  six  days,  the  island  rose  to  a 
height  of  820  feet  above  the  surface  of  the  sea.  It  was  the 
third  appearance  and  disappearance  of  the  island  nearly  at  the 
same  point,  at  intervals  of  91  and  92  years. 

SEay,  1811.  More  than  200  shocks  of  earthquake  on  the  island  of 
St.  Vincent  up  to  April,  1812. 

December,  1811.  Innumerable  shocks  in  the  river-valleys  of  the 
Ohio,^  Mississippi,  and  Arkansas  up  to  1813.  Between  New 
Madrid,  Little  Prairie,  and  La  Saline,  to  the  north  of  Cincin- 
nati, the  earthquakes  occurred  almost  every  hour  for  months 
together. 

December,  1811.    A  single  idiock  in  Caraccas. 

26th  of  March,  1812.  Earthquake  and  destruction  of  the  town  of 
Caraccas.  The  circle  of  commotion  extended  over  Santa  Marta, 
the  town  of  Honda,  and  the  elevated  plateau  of  Bogota,  to  a  dis- 
tance of  540  miles  from  Caraccas.  The  motion  continued  until  the 
middle  of  the  year  1818. 

80th  of  April,  1812.  Eruption  ofthe  volcano  of  St.  Vincent;  and  on 
the  same  day,  about  2  o'clock  in  the  morning,  a  fearful  subter- 
ranean noise,  like  the  roar  of  artillery,  was  heard  at  the  same  time 
and  with  equal  distinctness  on  the  shores  of  Caraccas,  in  the 
Llanos  of  CaJabazo  and  of  the  Bio  Apure,  without  being  accom- 
panied by  any  concussion  of  the  earth  (see  ante,  p.  178).  The 
subterranean  noise  was  also  heard  upon  the  Island  of  St.  Vin* 
cent,  but,  and  this  is  very  remarkable,  it  was  stronger  at  soma 
distance  upon  the  sea. 
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earthquake.  In  this^  there  prevails  a  volcamc  power^  which 
in  its  essential  nature  only  act*  dynamically,  producing 
movement  and  commotion^  but  when  it  is  favoured  at  parti- 
cular points  by  the  fulfilment  of  subsidiary  conditions,  it  is 
capable  of  bringing  to  the  surface  material produets,  although 
not  of  generating  them  like  true  volcanoes.  Just  as  water, 
vapours,  petroleum,  mixtures  of  gases,  or  pasty  masses  (mud 
and  moya)  are  thrown  out,  through  fissures  suddenly  opened 
in  earthquakes  sometimes  of  short  duration,  so  do  liquid  and 
aerial  fluids  flow  permanently  from  the  bosom  of  the  earth 
through  the  universally  diffused  net^  ork  of  communicating 
fissures.  The  brief  and  impetuous  eruptive  phenomena  are 
here  placed  beside  the  great  peaceful  epriny-system  of  the 
crust  of  the  earth,  which  beneficently  refreshes  and  supports 
organic  life.  For  thousands  of  years  it  returns  to  organized 
nature  the  moisture  which  has  been  drawn  from  the  atmo- 
sphere by  &Uing  rain.  Analogous  phenomena  are  mutually 
iUustrative  in  the  eternal  economy  of  nature ;  and  wherever 
an  attempt  is  made  at  the  generalisation  of  ideas,  the  inti- 
mate concatenation  of  that  which  is  recognized  as  allied  must 
not  remain  unnoticed. 

The  widely  disseminated  classification  of  springs,  into 
eold  and  hot,  which  appears  ao  natural  in  ordinary  conversa- 
tion,  has  but  a  very  indefinite  foundation  when  reduced 
to  numerical  data  of  temperature.  If  the  temperature  of 
springs  be  compared  with  the  internal  heat  of  man  (found, 
with  thermo-electrical  apparatus,  to  be  98° — 98°. 6  F.  according 
to  Brechet  and  Becquerel),  the  d^ree  of  the  thermometer  at 
which  a  fluid  is  called  cold,  warm,  or  hot,  when  in  contact 
with  parts  of  the  human  body,  is  very  dififerent  according  to 
individual  sensations.  No  absolute  degree  of  temperature 
can  be  established,  above  which  a  spring  should  be  desig- 
nated warm.  The  proposition  to  call  a  spring  cold  in  any 
climatic  zone,  when  its  average  annual  temperature  does  not 
exceed  the  average  annual  temperature  of  the  air  in  the  same 
zone,  at  least  presents  a  scientific  exactitude,  by  aflbrding  a 
comparison  of  definite  numbers.  It  has  the  advantage  of  lead- 
ing to  considerations  upon  the  diflerent  oriyin  of  springs,  as 
the  ascertained  agreement  of  their  temperature  with  the 
annual  temperatui^  of  the  air  is  recognized  directly  in  un- 
changeable springs;  and  in  changeable  ones,  as  has  been 
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shown  by  "Wahlenberg  and  Erman  the  elder,  in  the  averages 
of  the  summer  and  winter  months.  But  in  accordance  with 
the  criterion  here  indicated,  a  spring  in  one  zone  must  be 
denominat-ed  warm,  which  hardly  attains  the  seventh  w 
eighth  part  of  temperature  of  one  which  in  another  zone, 
near  the  equator,  will  be  called  cold.  I  may  mention  the 
differences  between  the  average  temperature  of  St.  Pett^rs- 
burg  (38°.  12  F.)  and  of  the  shores  of  the  Orinoco.  The 
purest  spring  water  which  I  drank  in  the  vicinity  of  the 
cataracts  of  Atures'*  and  Maypures  (81M4  F.)  or  in  the 
forest  of  Atabapo,  had  a  temperature  of  more  than  79°  F. ; 
even  the  temperature  of  the  great  rivers  in  tropical  South 
America,  corresponds  with  the  high  degrees  of  heat  of  such 
cold*  oprings. 

^  Hiiiaboldt,  Voyage  aux  RSgiofM  EquinoxialeSf  i.  ii,  p.  876. 

^  Fo)  Hhe  sake  of  compariDg  the  temperature  of  springs  where  they 
bi'eak  f oria  directly  from  the  earth,  with  that  of  large  rivers  flowing 
through  open  channels,  I  here  bring  together  the  following  average 
numbers  from  my  journals : — 

Bio  Apure,  lat.  7f  ° ;  temperature,  81**. 

Orinoco,  between  4**  end  8*  of  latitude ;  81'.5— 86°.3. 

Springs  in  the  forest^  near  the  cataract  of  Maypures,  breaking  forth 
from  the  granite,  82°. 

Cassiquiare,  the  branch  of  the  Upper  Orinoco,  which  forms  the  union 

with  the  Amazon;  only  76^7. 
Rio  Negro,  above  San  Carlos  (scarcely  1°  53'  to  the  north  of  the 

equator) ;  only  74°.  8. 

Rio  Atabapo,  79°.2  (lat.  3°  5O0. 

Orinoco,  near  the  entrance  of  the  Atabapo,  82^ 

Rio  Grande  de  la  Magdalena  (lat.  6"  12'  to  9'  66'),  79'  9'. 

Amazon,  5**  31'  south  latitude,  opposite  to  the  Pongo  of  Rentema 
(Provincia  Jaen  de  Bracamoros),  scarcely  1300  f  let  above  th« 
South  Sea,  only  72<>.5. 

The  great  mass  of  water  of  the  Orinoco  consequently  pproaches  the 
average  temperature  of  the  air  of  the  vicinity.  During  great  inunda- 
tions of  the  Savannahs,  the  yellowish  brown  waters,  which  smell  of 
sulphuretted  hydrogen,  acquire  a  temperature  of  92*^.8 ;  this  I  found  to 
be  the  temperature  in  the  LagarterOjto  the  east  of  Guayaquil,  which 
swarmed  with  crocodiles.  The  soil  there  becomes  heated,  as  in  shallow 
rivers,  by  the  warmth  produced  in  it  by  the  sun's  rays  falling  upon  it. 
With  regard  to  the  multifarious  causes  of  the  low  temperature  of  the 
water  of  the  Rio  Negro,  which  is  of  a  coffee-broum  colour  by  reflected 
light,  and  of  the  white  waters  of  the  Cassiquiare  (a  constantly  clouded 
8ky»  the  quantity  of  rain,  the  evaporation  from  Uie  dense  forests,  and 
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The  breaking  out  of  springs,  effected  by  multifgiriotis 
causes  of  pressure  and  by  the  communication  of  fissures 
containing  water,  is  such  a  universal  phenomenon  of  the 
surface  of  the  earth,  that  waters  flow  forth  at  some  points 
from  the  most  elevated  mountain  strata,  and  at  others  from 
the  bottom  of  the  sea.  In  the  first  quarter  of  this  century 
numerous  results  were  collected  by  Leopold  von  Buch, 
Wahlenberg  and  myself,  with  regard  to  the  temperature 
of  springs  and  the  division  of  heat  in  the  interior  of  the 
earth  in  both  hemispheres,  from  12°  S.  lat.  to  7V  N.*»  The 
springs  which  have  an  unchangeable  temperature  were  care- 
fully separated  from  those  which  vary  with  the  seasons ; 
and  Leopold  von  Buch  ascertained  the  powerful  influence 
of  the  distribution  of  rain  in  the  course  of  the  year,  that  is 
to  say,  the  influence  of  the  proportion  between  the  relative 
abundance  of  winter  and  summer  rain  upon  the  temperature 
of  the  variable  springs,  which,  as  regards  number,  are  the 
most  widely  distributed.  More  recently®*  some  very  ingenious 

the  want  of  hot  sandy  tracts  upon  the  banks),  see  my  river  voyage,  in 
the  JUlation  Sutorique,  t.  ii,  pp.  463  and  509.  In  the  Rio  Guanca- 
bamba  or  Chamaya,  'which  falls  into  the  Amazon,  near  the  Pongo  de 
Bentema,  I  found  the  temperature  of  the  water  to  be  only  67^6,  as  its 
waters  come  with  prodigious  swiftness  from  the  elevated  lake  Simi- 
cocha  on  the  Cordillera.  On  my  voyage  of  52  days  up  the  river  Mag- 
dalena,  from  Mahates  to  Honda,  I  perceived  most  distinctly,  from 
numerous  observations,  that  a  rise  in  the  level  of  the  water  was  indi- 
cated for  hours  previously  by  a  diminution  of  the  temperature  of  the 
river.  The  re&igeration  of  the  stream  occurred  before  the  cold  moun- 
tain waters  from  the  Paramos  near  the  source  came  down.  Heat  and 
water  move,  so  to  speak,  in  opposite  directions  and  with  very  unequal 
velocities.  When  the  water  near  Badillas  rose  suddenly,  the  tempera- 
ture fell  long  before  from  80°. 6  to  74°.3.  As,  during  the  night,  when 
one  is  established  upon  a  low  sandy  islet,  or  upon  the  bank,  with  bag 
and  baggage,  a  rapid  rise  of  the  river  may  be  dangerous,  the  dis- 
covery of  a  prognostic  of  the  approaching  rise  (the  avenida)  is  of  some 
importance. 

^  Leopold  von  Buch,  PhysiocMaehe  BeschreUtung  der  eanarischen 
Inseln,  s.  8 :  Poggend.  AnncUen,  Bd.  zii,  s.  403 ;  Bibliotk^qtie  BritaU' 
nique,  Sciences  et  Arts,  t.  ziz,  1802,  p.  263 ;  Wahlenberg,  Be  Veget.  et 
dim.  in  Sehetia  Siptentrionali  Observaiis,  pp.  Ixxviil  and  Ixxziv; 
Wahlenberg,  Flora  Ca/rpathica,  p.  xciv,  and  in  Qilbeit's  Annalen, 
Bd.  xli,  s.  115 ;  Humboldt,  in  the  M6m,  delaSoe.  cPArcueil,  t.  iii  (1817) 
p.  599. 

^  De  Gasparin,  in  the  Bihlioth^gue  Univ,  Sciences  et  Arts,  t.  zxxviii, 
1828,  pp.  54  113  and  2q4  ;  M4m,  de  la  Soc,  Cenirale  d! AgricuUwre, 
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comparative  observations  by  De  Gaspariii,  Schouw  and  Tlnip- 
maun  have  thrown  considerable  light,  in  a  geographical  and 
hypsometrical  point  of  view,  in  accordance  with  latitude  and 
elevation  npon  this  influence.  Wahlenberg  asserted  that  in 
very  high  latitudes  the  average  temperature  of  variable  springs 
is  rather  higher  than  that  of  the  atmosphere ;  he  sought  the 
cause  of  this,  not  in  the  dr3mess  of  a  very  cold  atmosphere  and 
in  the  less  abundant  winter  rain  caused  thereby,  but  in  the 
snowy  covering  diminishing  the  radiation  of  heat  from  the  soil. 
In  those  parts  of  the  plain  of  Northern  Asia,  in  which  a 
perpetual  icy  stratum,  or  at  least  a  frozen  alluvial  soil  mixed 
with  fragments  of  ice  is  found  at  a  depth  of  a  few  feet,"  the 
temperature  of  springs  can  only  be  employed  with  great  cau- 
tion for  the  investigation  of  KupflFer's  important  theory  of 
the  isogeothermal  lines.  A  two-fold  radiation  of  heat  is 
then  produced  in  the  upper  stratum  of  the  earth :  one  up- 
wards towards  the  atmosphere,  and  another  downwards 
towards  the  icy  stratum.  A  long  series  of  valuable  observa^ 
tions  made  by  my  friend  and  companion,  Gustav  Rose,  during 
our  Siberian  expedition  in  the  heat  of  summer  (often  in 
springs  still  surrounded  by  ice)  between  the  Irtysch,  the 
Obi,  and  the  Caspian  Sea,  revealed  a  great  complication  ot 
local  disturbances.  Those  which  present  themselves  from 
perfectly  different  causes  in  the  tropical  zone,  in  places  where 

1826,  p.  178 ;  Schouw,  Tableau  du  Climat  et  dela  Vigitcxtum  de  ritdlie 
vol.  i,  1839,  pp.  133 — 195;  Thurmann,  Sitr  latempiraturedessowrces  de 
la  chMne  du  Jura,  comparSe  d  celle  des  sources  de  la  plame  Suisse,  des 
Alpes  et  des  Vosges,  in  the  Annuaire  MitSorohgique  de  la  Fnmoe,  1850, 
pp.  258 — 268.  As  regards  the  frequency  of  tiie  summer  and  autumn 
rains,  De  Gasparin  divides  Europe  into  two  strongly  contrasted  regions. 
Valuable  materialB  are  contained  in  E&mtz,  L^huck  der  Meteorologie, 
Bd.  i,  s.  448  —  506.  According  to  Dove  (Poggend.  An/ncUen,  Bd. 
XXXV,  s.  376)  in  Italy,  ''  at  places  to  the  north  of  which  a  chain  of 
mountains  is  situated,  the  maxima  of  the  curves  of  monthly  quantities 
of  rain  fall  in  March  and  September ;  and  where  the  mountains  lie  to 
the  south,  in  April  and  October."  The  totality  of  the  proportions  of 
rain  in  the  temperate  zones  may  be  comprehended  imder  the  foUowiog 
general  point  of  view : — **  The  period  of  winter  ^in  in  the  borders  of 
the  tropics  constantly  divides,  the  further  we  depart  from  these,  into 
two  maxima  united  by  slighter  falls,  and  these  again  unite  into  a 
summer-maximum  in  Germany ;  where,  therefore,  a  temporary  want  of 
rain  ceases  altogether,"  See  the  section  "Geothermik"  in  the  excellent 
Lehrhuch  der  Oeognosie,  by  Naumann,  Bd.  i,  (1850),  s.  41—78. 
••  See  above,  p.  45; 
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viottntaiD  springs  burst  fortli  upon  vast  elevated  plateaux, 
eight  or  ten  thousand  feet  above  the  sea  (Micuipampay 
Quito^  Bogota),  or  in  narrow,  isolated  mountain-peaks  many 
thousand  feet  higher,  not  only  include  a  far  greater  part  of 
the  surface  of  the  earth,  but  also  lead  to  the  consideration 
of  analogous  thermic  conditions  in  the  mountainous  countries 
of  the  temperate  zones. 

In  this  important  subject  it.  is  aboTe  all  things  necessary 
to  separate  the  cycle  of  actual  observations,  from  the  tbeor^ 
etioal  conclusions  which  are  founded  upon  them.  What  we 
seek,  expressed  in  the  most  general  way,  is  of  a  triple  nature : 
— the  distribution  of  heat  in  the  crust  of  the  earth  which  is 
accessible  to  us^  in  the  aqueous  covering  (the  ocean)  and  in 
the  atmosphere.  In  the  two  envelopes  of  the  body  of  the 
earth,  the  liquid  and  gaseous,  an  opposite  alteration  of  tem- 
perature (diminution  and  increase  in  the  superposed  strata) 
prevails  in  a  vertical  direction.  In  the  solid  parts  of  the 
body  of  the  earth  the  temperature  increases  with  the  depth; 
the  alteration  is  in  the  same  direction,  although  in  a  very 
different  proportion,  as  in  the  atrial  ocean,  the  shallows  and 
rocks  of  which  are  formed  by  the  elevated  |dateaux  and  mul- 
tiform mountain  peaks.  We  ai»  most  exactly  acquainted 
by  direct  experiments,  with  the  distribution  of  heat  in  the 
atmosphere, — geographically  by  local  determination  in  lati- 
tude and  longitude,  and  in  accordance  with  hypsometric  re- 
lations in  proportion  to  the  vertical  elevation  above  the  sur- 
face of  the  sea, — ^but  in  both  cases  almost  exclusively  in 
dose  contact  with  the  solid  and  fluid  parts  of  the  surface  of 
our  planet.  Scientific  and  systematically  arranged  investi- 
gations by  aerostatic  voyi^es  in  the  free  aerial  ocean,  beyond 
the  near  action  of  the  earth,  are  still  very  rare,  and  there- 
fore but  little  adapted  to  furnish  the  numerical  data  of 
average  conditions  which  are  so  necessary.  Upon  the  de« 
crease  of  heat  in  the  depths  of  the  ocean  observations  are 
not  wanting ;  but  currents,  which  bring  in  water  of  different 
latitudes,  depths,  and  densities,  prevent  the  attainment  of 
general  results,  Sklmost  to  a  greater  extent  than  currents  in 
the  atmosphere.  We  have  here  touched  preliminarily  upon 
the  thermic  conditions  of  the  envelopes  of  our  planet,  which 
will  be  treated  of  in  detail  hereafter,  in  order  to  consider  the 
influence  of  the  vertical  distribution  of  heat  in  the  solid 


190  COSMOS. 

crast  of  the  earth,  and  the  system  of  the  geo-isothermic 
lines,  not  in  too  isolated  a  condition,  but  as  a  part  of  the 
all-penetrating  motion  of  heat,  a  truly  cosmical  activity. 

Instractiye  as  are,  in  mauy  respects,  observations  upon 
the  imequal  diminution  of  temperature  of  springs  which  do 
not  vary  with  the  seasons  as  the  height  of  their  point  of 
emergence  increases, — still  the  local  law  of  such  a  diminish- 
ing temperature  of  springs  cannot  be  regarded,  as  is  often 
done,  as  a  universal  geothermic  law.  If  we  were  certain 
that  waters  flowed  unmixed  in  a  horizontal  stratum  of  great 
extent,  we  might  certamiy  suppose  that  they  have  gradually 
acquired  the  temperature  of  the  solid  ground,  but  in  the 
great  network  of  fissures  of  elevated  masses,  this  case  can 
rarely  occur.  Colder  and  more  elevated  waters  mix  with 
the  lower  ones.  Our  mining  operations,  inconsiderable  as 
may  be  the  depth  to  which  they  attain,  are  very  instnio- 
tive  in  this  respect ;  but  we  should  only  obtain  a  direct 
knowledge  of  the  iso^^thermal  lines,  if  thermometers  were 
buried,  according  to  Boussingault's  method,^  to  a  depth  below 
that  affected  by  the  influences  of  the  changes  of  temperature 
of  the  neighbouring  atmosphere^  and  at  very  diflerent  eleva- 
tions above  the  sea.  From  the  forty-flfth  degree  of  latitude 
to  the  parts  of  the  tropical  regions  in  the  vicinity  of  the 
equator,  the  depth  at  which  the  stratum  of  invariable  tempe- 
rature commences,  diminishes  from  60  to  H  or  2  feet.  Bury- 
ing thegeothermometer  at  a  small  depth  in  order  to  obtain  a 
knowledge  of  the  average  temperature  of  the  earth,  is  there- 
fore readily  practicable  only  between  the  tropics  or  in  the 
subtropical  zone.  The  excellent  expedient  of  Artesian  wells 
which  have  indicated  an  increase  of  heat  of  1°  F.  for  every 
54  to  58  feet  in  absolute  depths  of  from  745  to  2345 
feet  has  hitherto  only  been  auSbrded  to  the  physicist  in 
districts  not  much  more  than  1600  feet  above  the  level  of 
the  sea "  I  have  visited  silver-mines  in  the  chain  of  the 
Andes,  6°45'  south  of  the  equator  at  an  elevation  of  nearly 
13,200  feet  and  found  the  temperature  of  the  water  pene- 
trating through  the  fissures  of  the  limestone  to  be  52°.3  F." 
The  waters  which  were  heated  in  the  baths  of  the  Inca 

^  See  Oo9mo8,  yoL  i,  p.  218,  and  voL  v,  p.  40,  Bohn^s  edition. 

V  See  above,  p.  37. 

K  Mina  de  Quadalupe^  one  of  the  Minas  de  CShota,  l.c,  twp,  p.  41« 
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Tupao  Ynpanqui,  upon  the  ridge  of  the  Ande^  (Pd«o  del 
Assuay),  probably  come  firom  springs  of  the  Ladera  de  Gad- 
lud,  where  I  have  traced  their  course^  near  which  the  old 
Peruvian  causeway  also  ran,  barometrically  to  an  elevation 
of  15,526  feet  (almost  that  of  Mont  Blanc).^  These  are  the 
highest  points  at  which  I  could  observe  spring  water  in 
South  America.  In  Europe  the  brothers  Schlagintweit 
have  found  gallery-water  in  the  gold  mine  in  the  Eastern 
Alps  at  a  height  of  9442  feet,  and  found  that  the  tempera- 
ture of  small  springs  near  the  opening  of  the  gallery  of  only 
33^4  F.,^  at  a  distance  from  any  snow  or  glacier  ice.  The 
highest  limits  of  springs  are  very  different  according  to  geo- 
graphical latitude,  the  elevation  of  the  snow  line  and  the  rela- 
tion of  the  hig>iest  peaks  to  the  mountain  ridges  and  pUteauz. 
If  the  radiuii>  of  our  planet  were  to  be  increased  by  the 
height  of  the  Himalaya  at  the  Kintschindjunga,  and  there- 
fore uniformly  over  the  whole  surface  by  28,175  feet  (4.34 
English  miles),  with  this  small  increase  of  only  -s^th 
of  the  radius,  the  heat  in  the  surface  cooled  by  radiation, 
would  be  (according  to  Fourier's  analytical  theory),  almost 
the  same  as  it  now  is  in  the  upper  crust  of  the  earth. 
^)ut  if  individual  parts  of  the  surface  raise  themselves  in 
mountain  chains  and  narrow  peaks,  like  rocks  upon  the 
bottom  of  the  aerial  ocean,  a  diminution  of  heat  takes  place 
in  the  interior  of  the  elevated  strata,  and  this  is  modified 
by  contact  with  strata  of  air  of  different  temperature,  by  the 
capacity  for  heat  and  conductive  power  of  heterogeneous 
kinds  of  rocks,  by  the  sun's  action  on  the  forest-clad 
summits  and  declivities,  by  the  greater  and  less  radiation 
of  the  mountains  in  accordance  with  their  fonn  (relief), 
their  massiveness)  or  their  conical  and  pyramidal  narrow- 
ness. The  special  elevations  of  the  region  of  clouds,  the 
mow  and  ice-coverings  at  various  elevations  of  the  snow 
line,  and  the  frequency  of  the  cool  currents  of  air  coming 
down  the  steep  declivities,  at  particular  times  of  the  day,  alter 
the  effect  of  the  terrestrial  radiation.  In  proportion  as  the 
towering  cones  of  the  summits  become  cooled,  a  weak  current 

*  Humboldt,  Views  of  Nature,  p.  893. 

^  Mine  on  the  Qreat  Fleuss  in  the  Moll  Valley  of  the  Tanem,  see 
Hermann  and  Adolph  Schlagintweit,  Untersuchtmgen  ilber  die  phytikct' 
U^ehe  QeograpMe  iter  Alien,  1850,  s.  242—278. 
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of  heat  tending  towards,  bat  never  reaching  an  equilibrium, 
sets  in  from  below  upwards.  The  recognition  of  so  many 
factors  acting  upon  the  Tertioal  distribution  of  heat,  leads  to 
well-founded  presumptions  regarding  the  connexion  of  com- 
plicated local  phenom^ia,  but  not  to  direct  numerical  deter- 
minations. In  the  mountain  springs  (and  the  higher  ones, 
being  important  to  the  chamois-hunter,  are  carefully  sought) 
there  so  often  remains  the  doubt  that  they  are  mixed  with 
waters,  which  by  sinking  down  introduce  the  colder  tem- 
perature of  higher  strata,  or  by  ascending  introduce  the 
warmer  temperature  of  lower  strata.  From  19  springs,  ob- 
senred  by  Wahlenberg,  Kamtz  draws  the  conclusion  that  in 
the  Alps  we  must  rise  from  960  to  1023  feet  in  order  to  see 
the  temperature  of  the  springs  sink  PC.  (1°.8  F.).  A  greater 
number  of  observations  selected  with  more  care  by  Hermann 
and  Adolph  Schlagintweit  in  the  eastern  Carinthian  Alps 
and  in  the  western  Swiss  Alps  on  the  Monte  Rosa,  give  only 
767  feet.  According  to  the  great  work^^  of  these  excellent 
observers,  '^  the  decrease  of  the  temperature  of  springs  is 
certainly  somewhat  more  gradual  than  that  of  the  average 
annual  temperature  of  the  air,  which  in  the  Alps  amounts 
to  about  320  feet  for  1°  F.  The  springs  there  are  in 
general  warmer  than  the  average  temperature  of  the  air  at 
the  same  level ;  and  the  difference  between  the  temperature 
of  the  air  and  springs  increases  with  the  elevation.  The 
temperature  of  the  soil  is  not  the  same  at  equal  elevations 
in  the  entire  range  of  the  Alps,  as  fche  isothermal  surfiu^es 
which  unite  the  points  of  the  same  average  temperatture  of 
springs,  rise  higher  above  the  level  of  the  sea,  independently 
of  the  influence  of  latitude,  in  proportion  to  the  average  con- 
vexity of  the  surrounding  soil ;  perfectly  in  accordance  with 
the  laws  of  the  distribution  of  heat  in  a  solid  body  of  vary- 
ing thickness,  with  which  the  relief  (the  mass-elevation)  of 
the  Alps  may  be  compared." 

In  the  chain  of  the  Andes,  and  indeed  in  those  volcanic 
parts  of  it  which  present  the  greatest  elevations,  the  bury- 
ing of  thermometers  may  in  particular  cases  lead  to  decep- 
tive results  by  the  influence  of  local  circumstances.  From 
the  opinion  formerly  held  by  me,  that  black  rocky  ridges, 
visible  at  a  great  distance,  which  penetrate  the  snowy 
^  Monte  Rosa,  1853,  chap,  vi,  a.  212—225. 
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region,  are  not  always  indebted  for  their  entire  freedom 
from  snow  to  the  steepness  of  their  sides,  but  to  other 
causes,  I  buried  the  bulb  of  a  thermometer  only  three  inches 
deep  in  the  sand  which  filled  the  fissure  in  a  ridge  on  the 
Ghimborazo  at  an  elevation  of  18,290  feet,  and  therefore 
3d70  feet  above  the  summit  of  Mont  Blanc.  The  thermo- 
meter permanently  showed  10°. 5  F.  above  the  freezing  point, 
whilst  the  air  was  only  4®.5  F.  above  that  point.  The  re- 
sult of  this  observation  is  of  some  importance ;  for  even 
2558  feet  lower,  at  the  lower  limit  of  perpetual  snow  of  the 
volcano  of  Quito,  according  to  numerous  observations  col- 
lected by  Boussingaidt  and  myself,  the  average  temperature 
of  the  atmosphere  is  not  higher  than  34^9  F.  The  ground 
temperature  of  42^.5  must  therefore  be  ascribed  to  the  sub- 
terranean heat  of  the  doleritic  mountain :  I  do  not  say  of 
the  entire  mass,  but  to  the  currents  of  air  ascending  in  it 
from  the  depths.  At  the  foot  of  Ghimborazo,  at  an  eleva- 
tion of  9486  feet  towards  the  hamlet  of  Calpi,  there  is,  more- 
over, a  small  crater  of  eruption,  Tana-XJrcu,  which,  as  indeed 
is  shown  by  its  black,  slag-like  rock  (augitic-porphyry),  ap- 
pears to  have  been  active  in  the  middle  of  the  fifteenth  cen- 
tury.*' 

The  aridity  of  the  plain  from  which  Ghimborazo  rises, 
and  the  subterranean  brook,  which  is  heard  rushing  under 
the  volcanic  hill  (Yana-Urcu)  just  mentioned,  have  led 
Boussingault  and  myself^  at  very  different  times  to  the  idea 
that  the  water  which  the  enormous  masses  of  snow  produce 
daily  by  melting  at  their  lower  limit,  sinks  into  the  depths 
through  the  fissures  and  chambers  of  the  elevated  volcano. 
These  waters  perpetually  produce  a  re&igeration  in  the 
strata  through  which  they  run  down.  Without  them  the 
whole  of  the  doleritic  and  trachytic  mountauiB  would  ac- 
quire, even  at  times  when  no  near  eruption  is  foretold,  a  still 
higher  temperature  in  their  interior,  £x)m  the  volcanic 
source,  perpetually  in  action,  although  perhaps  not  lying  at 
the  same  depth  in  all  latitudes.  Thus,  in  the  varying 
struggle  of  tJxe  causes  of  heat  and  cold,  we  have  to  assume 
a  constant  tide  of  heat  upwards  and  downwards  in  those 
places  where  conical  solid  parts  ascend  into  the  atmosphere. 

«3  Humboldt,  Kleintre  Sckriften,  Bd.  i,  pp.  189  and  147. 

^  Humboldt,  Qp.  dt,  s.  140  and  203. 
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As  regards  the  area  which  they  oecupy,  however,  motuaitams 
and  elevated  peaks  form  a  very  small  phenomenon  in,  the  relief 
formation  of  continents ;  and  moreover  nearly  two-tbirds"  of 
the  ^itire  sur&oe  of  the  earth  is  sea-bottom  (according  to 
the  present  state  of  geographical  discovery  in  the  polar  re- 
gions of  both  hemit^heres,  we  may  aasome  the  proportion  of 
sea  and  load  to  be  in  the  ratio  of  8 :  3)^^  This  is  directly  in 
contact  with  aqueous  sfcrata,  which,  being  slightly  salt,  and 
depositing  themselves  in  accordance  with  the  maximum  of 
their  density  (at  38^.9),  possess  an  icy  coldness.  Exact  ob- 
servations by  Lenz  and  du  Petit-Thooars  have  shown  that 
within  the  tropics,  where  the  temperatuxe  of  the  surface  of  the 
ocean  is  78^8  to  80°.  6,  water  of  the  temperature  of  36°.  5  could 
be  drawn  up  from  a  depth  of  seven  or  eight  hundred  feithoms^ 
— phenomena  which  prove  the  existence  of  under  currents 
from  the  polar  regions.  The  consequences  of  thib  constant, 
suboceanic  refrigeration  of  by  Belt  the  greater  part  of  the 
crust  of  the  earth  deserve  a  degree  of  attention  which  they 
have  not  hitherto  received.  Hocks  and  islands  of  small  size, 
which  project,  like  cones,  from  the  searbottom  above  the  sur- 
face of  the  water,  and  narrowisthmuses,  such  as  Panama  and 
Darien  washed  by  great  oceans,  must  present  a  distributiwi 
of  heat  in  their  rocky  stratai,  diHEerent  from  that  of  parts  of 
equal  circumference  and  mass  in  the  interior  of  continents. 
In  a  very  elevated  mountainous  island,  the  submarine  part  is 
in  contact  with  a  fluid  which  h^  an  increa£dng  temperature 
from  below  upwards.  But  as  the  strata  pass  into  the  atmo- 
sphere, unmoistened  by  the  sea,  they  come  in  contact,  under 
the  influence  of  insolation  and  free  radiation  of  dark  heat, 
with  a  gaseous  fluid  in  whi&h  the  temperature  diminishes 
with  the  elevation.  Similar  l^ermic  conditions  of  opposed 
decrease  and  ineroase  of  t^nperature  in  a  vertical  direction 
are  repeated  between  two  large  inland  seas,  the  Caspian  and 
Aral  Sea,  in  the  narrow  Ust-TJrt,  which  sqpaza;tes  them  from 
each  other.  In  order,  however,  to  dear  up  such  complir 
cated  phenomena,  the  only  means  to  be  employed  are  such 
as  borings  of  great  depth,  which  lead  directly  to  the  know- 
ledge of  the  internal  heat  of  the  earth,  and  not  merely  ob- 
servations of  springs,  or  of  the  temperature  of  the  air  in 
caves,  which  give  just  as  uncertain  results  as  the  air  in  the 
galleries  and  chambers  of  mines. 
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Wliea  a  low  plain  is  compared  with  a  mountam  chain  or 
plateau,  rising  boldly  to  a  height  of  many  thousand  feet^  the 
law  of  the  increase  and  dimiuution  of  temperature  does  not 
depend  simply  upon  the  relative  vertical  elevation  of  two 
points  on  the  earth's  surface  (in  the  plain  and  on  the  summit 
of  the  mountain).    If  we  should  calculate  from  the  supposi- 
tion of  a  definite  proportion  in  the  change  of  temperature  in 
a  certain  number  of  feet  from  the  plain  upwards  to  the  sum'- 
mit^  or  horn,  the  summit  downwards  to  the  stratum  in  the 
interior  of  the  mountain  mass  which  lies  at  the  same  level 
as  the  surface  of  the  plain,  we  should  in  the  one  case  find  the 
summit  too  cold,  and  in  the  other  the  stratum  in  the  in- 
terior of  the  mountain  far  too  hot.     The  distribution  of 
heat  in  a  gradually  sloping  mountain  (an  undulation  of  the 
surface  of  the  earth)  is  dependent,  as  has  already  been  r^ 
marked,  upon  foim,  mass,  and  conductibility ;  upon  insola- 
tion, and  radiation  of  heat  towards  the  clear  or  cloudy 
Btrata  of  the  atmosphere ;    and  upon  the  contact  aud  play 
of  the  ascending  and  descending  currents  of  air.     According 
to  such  assumptions,  mountain  springs  must  be  very  abun- 
dant, even  at  very  moderate  elevations  of  four  or  five  thou^ 
sand  feet,  where  the  temperature  would  exceed  the  average 
temperature  of  the  locality  by  72  or  90  degrees ;  and  how 
would  it  be  at  the  foot  of  mountains  tmder  the  tropics, 
which  at  an  elevation  of  14,900  feet  are  stUl  free  from 
perpetual  snow;  and  often  exhibit  no  volcanic  rock,  but 
only  gneiss  and  mica  schist!^    The  great  mathematician, 
Fourier,  who  had  been  much  interested  in  the  fact  of  the 
volcano  of  JoruUo  having  been  upheaved,  in  a  plain,  where 
£6r  many  thousands  of  square  mues  around  no  unusual  ter- 
restrial heat  was  to  be  detected,  occupied  hims^  at  my 
request  in  the  very  year  before  his  death  with  theoretic^ 
investigations  upon  the  question,  how  in  the  elevation  of 
mountains  and  alterations  in  the  surface  of  the  earth,  the 
isothermal  sur£a<)e3  are  brought  into  equilibrium  with  the 
new  form  of  the  soil.     The  lateral  radiation  from  strata 
w^hich  lie  in  the  same  level,   but  are  differently  covered, 

**  I  differ  here  from  the  opinion  of  one  of  my  best  friends,  a  physi- 
ciBt  who  has  done  excellent  service  as  regards  the  distribution  of  telluric 
ixeat.  See  ''upon  the  cause  of  the  hot  springs  of  Leuck  and  Warm- 
brum,"  Bischof,  LArbuch  der  chemiichen  und  physikalischen  Geohgie^ 
Bd.  i,  8.  127—133. 
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plays  in  this  case  a  more  important  part  than  the  direction 
(inclination)  of  the  cleavage  planes  of  the  rock,  in  cases 
where  stratification  is  observable. 

I  have  already  elsewhere  mentioned**  how  the  hot  springs 
in  the  environs  of  ancient  Carfchage,  probably  the  thermal 
springs  of  Pertusa  (aqua  calidm  of  Hammam-el-Enf )  led 
Bishop  Patricius,  the  martyr,  to  the  correct  view  of  the 
•cause  of  the  higher  or  lower  temperature  of  the  bubbling 
waters.  When  the  Proconsul  Julius  tried  to  confuse  the 
Accused  Bishop  by  the  mocking  question,  "  Quo  auctorefer' 
ven8  hcec  aqua  tantum  ehulliat^"  Patricius  set  forth  his 
theory  of  the  central  heat,  "  which  causes  the  fiery  eruptions 
of  Etna  and  Vesuvius,  and  communicates  more  and  more 
heat  to  the  springs,  in  proportion  as  they  have  a  deeper 
-origin."  With  the  learned  Bishop,  Plato's  Pyriphlegethon 
was  the  hell  of  sinners ;  and  as  though  he  desired  at  the 

^  With  regard  to  this  passage,  discovered  by  Dureau  de  la  Malle, 
«ee  Cosmos,  vol.  i,  pp,  220,  221.  "  Est  autem,"  says  Saint  Patricius, 
''et  supra  firmamentum  caeli,  et  svibter  terrain  ignis  atque  aqua; 
j€t  quae  supra  terram  est  aqua,  coacta  in  unum,  appellationem  ma- 
rium:  qu89  vero  infra,  abyssorum  suscepit;  ex  quibus  ad  generis 
human!  usus  in  terram  velut  siphones  quidam  emittuntur  et  scatu- 
riunt.  Ex  iisdem  quoque  et  thermae  exsistunt :  quarum  quae  ab  igne 
absunt  longius,  provida  boni  Dei  erga  nos  mente,  frigidiores;  qus9 
vero  pi'opius  admodum,  ferventes  fluunt.  In  quibusdam  etiam  locis  et 
tepidae  aquae  reperiuntur,  pro  ut  majore  ab  igne  intervallo  sunt  dis- 
junctae."  So  run  the  woMs  in  the  collection : — Acta  Primorum  Mav" 
tyrum,  opera  et  studio  Theodorici  Ruinart,  ed.  2,  Amstelaedami,  1713  foL 
p.  555.  According  to  another  report  (A.  S.  Mazochii,  in  vetus  marmo' 
reum  sanctce  Neapolitance  Ecdesice  Kalendarium  coTnmeniarius,  vol.  ii, 
Neap.  1744,  4to,  p.  885),  Saint  Patricius  developed  nearly  the  same 
theory  of  telluric  heat  before  the  proconsul  Julius,  but  at  the  conclu- 
sion of  his  speech  the  cold  heU  is  more  distinctly  indicated : — "  Nam 
quae  longius  ab  igne  subterraneo  absunt,  Dei  optimi  providentia  frigi- 
diores erumpunt.  At  qua©  propiores  igni  sunt,  ab  eo  fervefacteB,  into- 
lerabili  calore  praeditao  promuntur  foras.  Sunt  et  alicubi  tepidae, 
quippe  non  parum  sed  longiuscule  ab  eo  igne  remotae.  Atque  iUe  in- 
fei^us  ignis  impiarum  est  anlmarum  camificina ;  non  secus  ac  subter- 
raneus  frigidissimus  giu^es,  in  glaciei  glebas  concretus,  qui  Tartarus 
nimcupatur."  The  Arabic  name,  Hammdm-el'Bnf,  signifies  nose-bathst 
and  is,  as  Temple  has  already  remarked,  derived  from  the  form  of  a 
neighbouring  promontory,  and  not  from  a  favourable  action  exerted  by 
this  thermal  water  upon  diseases  of  the  nose.  The  Arabic  name  has 
been  variously  altered  by  reporters : — Hammam  I'Enf  or  Lif,  Emma- 
melif  (Peyssonel),  la  Mamelif  (Desfontaines).  See  Gumprecht,  J)ie  Mine' 
ralguellen  aufdem  Festlande  von  Africa  (1851),  s.  140 — 144. 
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same  time  to  remind  one  of  the  cold  hells  of  the  Buddhists, 
an  aqua  gelidissima  concrescens  in  gladem  is  admitted, 
somewhat  iinphysically  and  notwithstanding  the  depth,  for 
the  nunqtiamjinienduvi  svjpplidwn  impionim. 

Amongst  hot  springs,  those  which,  approaching  the  hoil- 
ing  heat  of  water,  attain  a  temperature  of  194°  F.,  are  far  more 
rare  than  is  usually  supposed  in  consequence  of  inexact  ob- 
servations ;  least  of  all  do  they  occur  in  the  vicinity  of  still 
active  volcanoes.  I  was  so  fortunate,  during  my  American 
travels,  as  to  investigate  two  of  the  most  important  of  these 
springs,  both  between  the  tropics.  In  Mexico,  not  far  from 
the  rich  silver  mines  of  Guanaxuato,  in  21°  K.  lat.,  and  at  an 
elevation  of  about  6500  feet  above  the  surface  of  the  sea> 
near  Chichemequillo,**  the  Agttas  de  Oomangillos  burst  forth 
from  a  mountain  of  basalt  and  basaltic  breccia.  In  Septem- 
ber, 1803, 1  found  their  temperature  to  be  205°.5  F.  This  mass 
of  basalt  has  broken  in  the  form  of  veins  through  a  columnar 
porphyry,  which  again  rests  upon  a  white  syenite  rich  in 
quartz.  At  a  greater  elevation,  but  not  far  from  this  nearly 
boiling  spring,  near  los  Joares,  to  the  north  of  Santa  Kosa 
de  la  Sierra,  snow  falls  from  December  to  April  even  at  an 
elevation  of  8,700  feet,  and  the  inhabitants  prepare  ice  the 
whole  year  round,  by  radiation  in  artificial  basins.  On  the 
road  from  Nueva  Valencia  in  the  Valles  de  Aragua,  towards 
the  harbour  of  Portocabello  (in  about  lOi®  of  latitude), 
on  the  northern  slope  of  the  coast  chain  of  Venezuela,  I  saw 
the  aguas  calientes  de  las  Tri/ncheras  springing  from  a  strati- 
fied granite,  which  does  not  pass  at  all  into  gneiss.  I  found^^ 
the  springs  in  February,  1800,  at  194°.5  F.,  whilst  the 
Baiios  de  Mariara  in  the  Valles  de  Aragua,  which  belong  to 
the  gneiss,  showed  a  temperature  of  138°.  7  F.  Twenty- 
three  years  later,  and  again  in  the  month  of  February,  Bous- 
singault  and  Rivero*®  found  in  the  Mariara  exactly  14:7°.2  F. ; 

*^  Hiunboldty  Easai  Politique  8ur  la  NouveUe  Espagne,  ed.  2,  t,  ill 
(1827),  p.  190. 

*7  Relation  Historique,  t.  ii,  p.  98 ;  CoviMa,  vol.  i,  p.  219.  The  hot 
springs  of  Carlsbad  also  originate  in  the  granite  (Leop.  von  Bucb,  in 
Poggend.  Annalen,  Bd.  zii,  s.  230),  just  like  the  hot  springs  of  Momay^ 
in  Thibet,  visited  by  Joseph  Hooker,  which  break  forth  near  Chan- 
gokhang,  at  an  elevation  of  16,000  feet  above  the  sea,  with  a  temper- 
ature of  115**  {Himalayan  Jovmalf  vol.  ii,  p.  183). 

^  Boussingault,  "  Considerations  sur  les  eaux  thermales  des  Cordil- 
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and  ia  the  Trinfjberas  de  Fortocabello^  at  a  small  eleva- 
tion  above  the  Caribbean  Sea,  in  one  basin  ld8°  F.,  in  the 
other  206^.6  F.  The  ten^perature  of  these  hot  springs  had 
therefore  risen  unequally  in  the  short  interval  between  these 
two  periods : — ^in  Mariara  about  8°,5  E.,  and  in  the  Trincheras 
about  12^.1  F.  BoQssingault  has  justly  called  attention  to 
the  fact,  that  it  was  in  the  above  mentioned  interval  that  the 
fearful  earthquake  took  place,  which  overwhelmed  the  city 
of  Oaraccas  on  the  26th  of  March,  1812.  The  commotion  at 
the  surface  was  indeed  not  so  strong  in  the  vicinity  of  the 
lake  of  Tacarigua  (Nueva  Valencia) ;  but  in  the  interior  of 
the  earthy  where  elastie  vapours  act  upon  fissures,  may  not  a 
mov^nent  which  propagated  itself  so  far  and  so  powerfully, 
readily  alter  the  net-work  of  fissures  and  open  deeper  canals 
of  supply  P  The  hot  waters  of  the  Trincheras^  rising  from  a 
granite  formation,  are  nearly  pure,  as  they  only  contain  traces 
of  silicic  acid,  a  little  sulphuretted  hydrogen  and  nitrogen ; 
after  forming  numerous,  very  picturesque  cascades,  sur- 
rounded by  a  luxuriant  vegetation,  they  constitute  a  river, 
the  Bio  de  Aguas  calientes ;  and  this,  towards  the  coast^  is 
full  of  large  crocodiles,  to  which  the  warmth,  already  con- 
siderably diminished,  is  very  suitable.  In  the  most  northern 
parts  of  India  (30°  52f  N.  lat.),  and  also  from  granite,  issues 
the  very  hot  well  of  Jumnotri  which  attains  a  temperature 
of  194°  F.,  and  as  it  presents  this  high  temperature  at  an  el&* 
vation  of  10,8fiK)  feet  almost  reaches  the  boiling  point  pro* 
per  to  this  atmospheric  pressure.^ 

Amongst  the  intermittent  hot  springs,  the  Icelandic  boil-- 
ing  fountains,  and  of  these  especially  the  Great  Geysir  and 
Strokkr,  have  justly  attained  the  greatest  celebrity.  Ac- 
cording to  the  admirable  recent  investigations  of  Bunsen, 
Sartorius  von  Waltershausen  and  Deseloiseaux  the  tempe- 
rature of  the  streams  of  water  in  both  diminishes  in  a  remark- 
able manner  from  below  upwards.  The  Geysir  possesses  a 
truncated  cone  of  25  to  30  feet  in  height  formed  by  hori- 
zontal layers  of  siUcious  sinter.  In  this  cone  there  lies  a 
shallow  basin  of  52  feet  in  diameter,  in  the  centre  of  which 

I^res/'  in  the  AmudeA  de  Chmie  €t  de  Physique,  t.  lii,  1888,  pp.  188— ^ 
190. 

^'  Captain  Newbold,  **  On  the  Temperature  of  the  Wells  and  Rivera 
in  India  and  Egypt"  {Phil,  Transact,  far  1845,  pt.  i,  p.  127). 
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^he  fimnel  of  the  boiling  spring  one-tLird  of  its  diameter,  aiHl 
snxrounded  by  perpendicular  walls,  goes  down  to  a  depth  of 
75  feet.  The  temperature  of  the  water  which  constantly 
£lls  the  basin  is  180^.  At  very  regular  intervals  c^  one  hour 
and  20  or  30  minutes  the  thunder  below  proclaixns  the  com- 
mencement of  the  eruption.  The  jets  of  water,  of  9  feet 
in  thickness,  of  which  about  three  large  ones  follow  one 
another,  attain  a  height  of  100  and  sometimes  150  ieet 
The  ten^rature  of  the  water  ascending  in  the  funnel  has 
been  found  to  be  260^6  at  &  depth  of  72  feet  a  little  while 
before  the  eruption,  during  the  eruption  255^.5,  and  imme- 
diately aft^  it  251^.6  ;  at  the  surface  of  the  basin  it  is  onlv 
ISS''— 185^  Tho  Strokkr,  which  is  also  situated  at  the  base 
of N.  the  Bjaamafell,  has  a  smaller  mass  of  wator  than  the 
Ceysir.  The  sinter  margin  of  its  basin  is  only  a  few  inches 
in  height  and  breadth.  The  eruptions  are  more  frequent 
than  in  the  Geysir,  but  do  not  announce  themselves  by  sub- 
terranean thunder.  In  the  Strokkr  the  temperature  during 
the  eruption  is  235° — 239°  at  a  depth  of  42  feet,  and  almost 
212^  at  the  surface.  The  eruptions  of  the  intermittent  bell- 
ing springs,  and  the  slight  changes  in  the  type  of  the  pheno- 
mena are  perfectly  independent  of  the  eruptions  of  Hecla,  and 
were  by  no  means  disturbed  by  the  latter  in  the  years  181:5 
and  1846.^  With  his  peculiar  acuteness  in  observation  and 
discussion,  Bunsen  has  refuted  the  earlier  hypotheses  regard- 
ing the  periodicity  of  the  Geysir  eruptions  (subterranean 
cauldrons,  which^  as  steam-boilers,  are  filled  sometimes  with 
vapours  and  sometimes  with  water).  According  to  him  the 
eruptions  are  caused  by  a  portion  of  the  column  of  water  which 

^  Sartorius  ron  Waltersbausen,  Phpdsch-geographiecke  Shizze  von 
Island,  mit  besonderer  RUcksicht  auf  vtUkanische  Srschemwngen,  1 847, 
e.  128  — 132 ;  Bunsen  and  Descloiseauz,  in  the  Comptes  rendus  des 
Stances  de  VAcad.  des  Sciences,  t.  xxiii,  1846,  p.  935 ;  Bunsen,  in  the 
Aniialen  der  Chemie  und  Pharmacies  Bd.  Ixii,  1847,  s.  27 — 46.  Lottin 
and  Robert  had  already  found  that  the  temperature  of  the  jet  of  water 
in  the  Geysir  diminishes  from  below  upwards.  Amongst  the  forty  eiii- 
cious  bubbling  springs,  which  are  situated  in  the  Tidniiy  of  the  Great 
Geysir  and  Strokkr,  one  bears  the  name  of  the  Little  Geysir.  Its  jet 
of  water  only  rises  20  or  30  feet.  The  term  boiling  springs  {Kock* 
hrunnen)  is  derived  from  the  word  Geysir,  which  is  connected  with  the 
Icelandic  ffioaa  (to  boil).  On  the  high  land  of  Thibet  also,  according  to 
the  report  of  Esoma  de  Koros,  there  ia,  near  the  Alpine  lake  Mapham 
a  Geysir,  which  rises  to  the  height  of  12  feet. 
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lias  acquiied  a  high  temperature  at  a  lower  point  under  great 
pressure  of  accumulated  vapours,  being  forced  upwards,  and 
thus  coming  under  a  pressure  which  does  not  correspond 
with  its  temperature.  In  this  way  '^  the  G^jsirs  are  natural 
collectors  of  steam  power." 

Of  the  hot  springs  a  few  approach  nearly  to  absolute 
purity ;  others  contain  solutions  of  8 — 12  paorts  of  solid  or 
gaseous  matters.  Among  the  former  are  the  baths  of  Lux- 
eueil,  Pfeffer,  and  Gastein,  the  efficacy  of  which  may  appear 
so  mysterious  on  account  of  their  purity.**  As  all  springs 
are  fed  principally  by  meteoric  water,  they  contain  nitrogen, 
as  Boussingault  has  proved  in  the  very  pure*  springs  flowing 
from  the  granite  in  las  Trincheras  de  Portocabello,  and  Bun- 
sen"*  in  the  Cornelius  spring  at  Aix  and  in  the  Geysir  of 
Iceland.  The  organic  matter  dissolved  in  many  springs  also 
contains  nitrogen,  and  is  even  sometimes  bituminous.  Until 
it  was  known  from  the  experiments  of  Gay-Lussac  and  my- 
self that  rain  and  snow-water  contain  more  oxygen  than 
the  atmosphere  (the  former  10,  and  the  latter  at  least  8  per 
cent,  more)  it  appeared  very  remarkable  that  a  gaseous  mix- 
ture, rich  in  oxygen,  could  be  evolved  from  the  springs  of 
Nocera  in  the  Apennines.  The  analyses  made  by  Gay -Lus- 
sac  during  our  stay  at  this  mountain  spring  showed  that  it 
only  contained  as  much  oxygen  as  might  have  been  furnished 
to  it  by  atmospheric  moisture."*    If  we  be  astonished  at  the 

*^  Trommsdorf  finds  in  the  springs  of  Gastein  only  0.303  of  solid 
constituents  in  1000  parts;  Lowig,  0.291  in  Pfefier;  and  Longchamp 
only  0.236  inLuxeuil;  on  the  other  hand,  0.478  were  found  in  1000 
parts  of  common  well  water  in  Berne ;  5.469  in  the  Carlsbad  bubbling 
spring ;  and  even  7.464  in  Wiesbaden  (Studer,  Physikal.  Oeographie  und 
Geologie,  ed.  2,  1847,  cap.  i,  s.  92). 

6i  "  The  hot  springs  which  gush  from  the  granite  of  the  Cordillera  of 
the  coast  (of  Venezuela),  are  nearly  pure;  they  only  contain  a  small 
quantity  of  silica  in  solution^  and  hydrosulphuric  add  gas,  mixed  with 
a  little  nitrogen.  Their  composition  is  identical  with  that  which  would 
result  from  the  action  of  water  upon  sulphuret  of  silicium"  (Annalea  de 
Chimie  et  de  Pkyeique,  t.  lii,  1833,  p.  189).  Upon  the  great  quantity 
of  nitrogen  which  is  contained  in  the  hot  spring  of  Orense  (164®.4)» 
see  Maria  Rubio,  Tratado  de  las  Fuentes  Mineralee  de  Eapafla,  1853, 
p.  831. 

**  Sartorius  von  Waltershausen,  Skizze  von  Island,  s.  126. 

**  The  distinguished  chemist  Morechini  of  Rome,  had  stated  the 
oxygen  contained  in  the  spring  of  Nocera  (situated  2240  feet  above  the 
sea)  to  be  0.40;  Qay-Lussac  (26  September,  1806)  found  the  exact 
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silicious  deposits  as  a  coustraotive  material  of  which  nature, 
as  it  were,  artificially  composes  the  apparatus  of  Gfeysirs,  we 
must  remember  that  silicic  acid  is  also  di&sed  in  many  cold 
springs  which  contain  a  very  small  portion  of  carbonic  acid. 

Acid  springs  and  jets  of  carbonic  acid  gas,  which  were 
long  ascribed  to  deposits  of  coal  and  lignite,  appear  rather  to 
belonff  entirely  to  the  processes  of  deep  volcanic  activity :— • 
an  acfivity  wU  is  u^versaUy  diaseiSinated,  and  tUfore 
does  not  exert  itself  merely  in  those  places  where  volcanic 
rocks  testify  to  the  existence  of  ancient  local  fiery  eruptions. 
In  extinguished  volcanoes  jets  of  carbonic  acid  certainly  re- 
main longest  after  the  Plutonic  catastrophes ;  they  follow 
the  stage  of  Sol&tara  activity ;  but  nevertheless  waters  im- 
pregnated with  carbonic  acid,  and  of  the  most  various  tem- 
peratures, burst  forth  from  granite,  gneiss,  and  old  and  new 
floetz  mountains.  Acid  springs  become  impregnated  with 
alkaline  carbonates,  and  especially  with  carbonate  of  soda, 
wherever  water  impregnated  with  carbonic  acid  acts  upon 
rocks  containing  alkaline  silicates.^  In  the  north  of  Ger- 
many many  of  the  carbonic  acid  springs  and  gaseous  jets  are 
particularly  remarkable  for  the  dislocation  of  the  strata 
about  them  and  for  their  eruption  in  circular  valleys  (Pyr- 
mont,  Dribmrg)  which  are  usually  completely  closed.  Fried- 
rich  Hofiman  and  Euckland  have  almost  at  the  same  time 
very  characteristically  denominated  such  depressions  valleys 
of  elevation  (ErliehungS'Thdler), 

In  the  spnngs  to  which  the  name  of  sulphurous  waters  is 
given,  the  sulphur  by  no  means  constantly  occurs  combined 
in  the  same  way.  In  many,  which  contain  no  carbonate  of 
soda,  sulphuretted  hydrogen  is  probably  dissolved  ;  in  others, 
for  example  in  the  sulphurous  waters  of  Aix  (the  Kaiser, 
Cornelius,  Rose,  and  Quirinus  springs),  no  sulphuretted 
hydrogen  is  contained,  according  to  the  precise  experiments 
of  Bomsen  and  Liebig,  in  the  gases  obtained  by  boiling  the 

quantity  of  oxygen  to  be  only  0.299.  We  had  previously  found  0. 31 
of  oxygen  in  meteoric  waters  (rain).  Upon  the  nitrogen  gas  con- 
tained in  the  acid  springs  of  Neris  and  Bourbon  rArcbambault,  seethe 
works  of  Anglade  and  Longchamp(1834),  and  on  carbonic  acid  exhala- 
tions in  general^  see  Bischofs  admirable  investigations  in  his  Ckemische 
Geologie,  Bd.  i,  s.  248—360. 

'^  Bunsen,  in  PoggendorfiTs  AfMuUen,  Bd.  Ixxxiii,  s.  257;  Biscliof, 
Geologie^  Bd.  i,  s.  271. 
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waters  without  access  of  air  ^  indeed  tbe  Xaaserquelle  alone 
eontains  0.31  per  cent,  of  salplmretted  hydrogen  in  gas 
bubbles  irhich  rise  spontaneously  from  the  spring" 

Ath^n«d  springVMd.  givi  rise  to  J  Se  river  of 
water  acidified  by  solphior,  the  Vin^ar  river  (Bio  Vma^e), 
called  Pusaxnbio  by  the  aborigines,  is  a  remarkable  pheno- 
menon to  which  I  firsfc  called  attention.  The  Bio  Yinagre 
rises  at  an  elevation  of  about  10,660  feet  on  the  north- 
western declivity  of  the  volcano  of  Purace,  at  the  foot  of  which 
the  city  of  Popayan  is  situated.  It  forms  three  picturesque 
cascades,'^  of  one  of  which  1  have  given  a  representation, 
falling  over  a  ste^  trachytic  wall  probably  320  feet  in  per- 
peoidicular  height.  From  the  point  where  the  small  river 
falls  into  the  Cauca,  this  great  river  for  a  distance  of  2 — 3 
miles  (from  8  to  12  English  miles)  downwards,  as  far  as  i^ 
junctions  of  the  Piodsonon  and  Palac^  contains  no  fish ; 
which  must  be  a  great  inconvenience  to  the  inhabitants  of 
Popayan,  who  are  strict  observers  of  fasts !  According  to 
Boussingault's  subsequent  analysis,  the  waters  of  the  Pu^im- 
bio  contain  a  great  quantity  of  sulphuretted  hydrogen  and 
carbonic  acid,  with  some  sulphate  of  soda.  Near  the  source, 
Boussingault  found  the  temperature  to  be  163^.  The  upper 
part  of  the  Pusambio  runs  underground.  Degenhardt  (of 
Olausthal  in  the  Harz),  whose  early  death  has  caused  a 
great  loss  to  Geognosy,  discovered  a  hot  spring  in  1846  in 
the  Paramo  de  Ruiz,  on  the  declivity  of  the  volcano  of  the 
same  name,  at  the  sources  of  the  £io  Guali,  and  at  an  alti- 
tude of  12,150  feet,  in  tbe  water  of  which  Boussingault 
found  three  times  as  much  sulphuric  acid  as  in  the  Rio 
Vinagre. 

The  equability  of  the  temperature  and  chemical  constitu- 

^  Liebig  and  Bunsen,  Untersuchung  der  Aachener  ScJiewefelqv^eUen,  in 
tbe  AnTidlen  der  Cliemie  wnd  Pharmacies  Bd.  Ixxix  (1851),  s.  101.  In 
th«  chemical  analyses  of  mineral  waters  which  contain  sulphuret  of 
sodium,  carbonate  of  soda  and  sulphuretted  hydrogen  are  often  stated 
to  occur  from  an  exoess  of  carbonic  acid  being  present  in  those  waters. 

^^  One  of  these  cascades  is  represented  in  my  Vues  dea  CordUleres, 
pL  xxz.  On  the  analysis  of  the  water  of  the  Bio  Vinagre,  see  Boussin- 
gault, in  the  Annates  de  Ckimie  et  de  Phynqtie,  2e,  s^rie,  t.  lii,  1833, 
p.  397,  and  Dumas^  3e  s^rie,  t.  xviii,  1846,  p.  60Z;  on  the  spring  in  the 
Paramo  de  Buiz,  see  Joaquin  Acosta,  Yiajes  Cimtificas  d  los  Andes 
Ecuatoriahs,  1849,  p.  89. 
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tioB  of  springs  as  &>r  as  we  can  ascertain  iram  reliable  ob- 
servations^ is  far  more  remarkable  than  the  instability^ 
which  has  been  occasionally  detected.  The  hot  spring-waters, 
which,  duxii^  their  long  and  tortuous  course,  take  up  such  a 
variety  of  constituoats  from  the  rooks  with  which  they  are 
in  contact,  and  ofben  carry  them  to  places  where  they  are 
deficient  in  the  strata  through  which  l&e  springs  burst  forth, 
have  also  an  action  of  a  totally  different  nature.  They  exert 
a  transforming  and  at  the  same  time  a  formative  activity, 
and  in  this  respect  they  are  of  great  geognostic  importance. 
Senarmont  has  shown  with  wonderful  acuteness,  how  ex- 
tremely probable  it  is  that  many  vein-crevices  (andent  courses 
of  thermal  waters)  have  been  filled  from  below  upwards  by 

^  The  examples  of  alteration  of  temperature  in  the  thermal  springs 
of  Maiiara  and  las  Trincheras  lead  to  the  question  whether  the  Styx 
water,  whose  source,  so  difficult  of  access,  is  situated  in  the  wild 
Aroanic  Alps  of  Arcadia^  near  Konacris^  in  the  district  of  Fheneos,  has 
lost  its  pemiciouB  qualities  by  aheration  in  the  subterranean  fissures  of 
supply  ?  or  whether  the  waters  of  the  &tys.  have  only  occasionally  been 
injurious  to  the  wanderer  by  their  icy  coldness  ?  Perhaps  they  are 
indebted  for  their  evil  reputation,  whidi  has  been  transmitted  to  the 
present  inhabitants  of  Arcadia,  only  to  the  awful  wildness  and  desola^ 
tion  of  the  neighbourbood,  and  to  the  myth  of  their  origin  from  Tar- 
tarus. A  yomig  and  leanted  philologist^  Theodor  S^diwab,  succeeded  a 
few  years  ago,  with  great  exertion,  in  penetrating  to  the  rocky  wall 
from  which  the  spring  trickles  down,  exactly  as  described  by  Homer, 
Hesiod,  and  Herodotus.  He  drank  some  of  the  water,  which  was  ex- 
tremely cold,  but  very  pure  to  the  taete,  without  pereeiving  any  injuri- 
ous effects  (Schwab,  Artsadim,  seine  Natur  und  CfeecfUchte,  1852,  s.  15—' 
20).  Amongst  the  ancients  it  was  asserted  that  the  coldness  of  the 
water  of  the  Styx  burst  all  vessels  except  those  made  of  the  hoof  of  an 
flss.  The  legends  of  the  Styx  are  certainly  very  old,  but  the  report  of  the 
poisonous  properties  of  its  spring  appears  to  have  been  widely  dissemi- 
nated only  in  the  time  of  Aristotle.  According  to  a  statement  of 
Antigonus  of  Csrystus  (ffist,  Mirah.  §  174),  it  was  contuned  very  cir- 
cumstantially in  a  book  of  Theophrastus,  which  has  be^i  lost  to  us. 
The  calumnious  fable  of  the  poisoning  of  Alexander  by  the  water  of 
the  Styx,  which  Aristotle  communicated  to  Cassander  by  Antipater,  was 
contradicted  by  Plutarch  and  Arrian,  and  disseminated  by  Yitruvius, 
Justin,  and  Quintui  Curtius,  but  without  mentioning  the  Stagirite 
(Stahr,  Ariatotelia,  Th.  i,  1830,  s.  137  —  140).  PUny  (xxx,  53)  says, 
somewhat  ambiguously  :-^*'  Magna  Aristotelis  infamia  excogitatum." 
See  Ernst  Curtius^  Pelopownems  (1851),  Bd.  i,  s.  194  ~  196,  and  212 ; 
St.  Croix,  Examen  Critiqm  dee  Andene  ffistoriens  cPAlexamdre,  p.  496. 
A  representation  of  the  cascade  of  the  Styx,  drawn  from  a  distance,  is 
contained  in  Fiedler's  Meise  durch  GriechenUmd,  Th.  i,B.  400. 
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the  deposition  of  the  dissolved  elements.  By  changes  of  pres- 
sure  and  temperature,  by  internal  electro-chemical  processes, 
and  the  specific  attraction  of  the  lateral  walls  (the  rock  tra- 
versed), sometimes  lamellar  deposits,  and  sometimes  masses 
of  concretion  are  produced  in  fissures  and  vesicular  cavities. 
In  this  way  druses  and  porous  amygdaloids  appear  to  have 
been  sometimes  formed.  Where  the  deposition  of  the  veins 
has  taken  place  in  parallel  zones,  these  zones  usually 
coxrespond  ^th  each^other  symmetricaUy  in  their  natur^ 
both  vertically  and  laterally.  Senarmont  has  succeeded  in 
preparing  a  considerable  number  of  minerals  artificially,  by 
perfectly  analogous  synthetical  methods." 

One  of  my  intimate  friends,  a  highly  endowed  scientific 
observer,  will,  I  hope,  before  long  publish  a  new  and  impor- 
tant work  upon  the  conditions  of  temperature  of  springs,  and 
in  it  treat  with  great  acumen  and  universality,  by  induction 
from  a  long  series  of  recent  observations,  upon  the  involved 
phenomenon  of  disturbances.  In  the  determinations  of  tem- 
perature made  by  him  in  Germany  (on  the  Rhine)  and  in  Italy 
(in  the  vicinity  of  Home,  in  the  Albanian  mountains  and 
the  Apennines)  from  the  year  1845  to  1853,  Eduard  Hall- 

59  t(  Very  important  metallifeToaB  lodes,  perhaps  the  greater  number, 
appear  to  have  been  formed  by  solution,  while  the  veins  filled  with 
concretions  of  metal  seem  to  be  nothing  but  immense  canals  more  or 
less  obstructed,  and  formerly  traversed  by  encrusting  thermal  waters. 
The  formation  of  a  great  nimiber  of  minerals  which  are  met  with  in 
these  lodes,  does  not  always  presuppose  conditions  or  agents  very  far 
removed  from  existing  causes.  The  two  principal  elements  of  the  most 
widely  diffused  thermal  waters,  the  alkaline  sulphurets  and  carbonates, 
have  enabled  me  to  reproduce  artificially,  by  very  simple  synthetic 
methods,  29  distinct  mineral  species,  nearly  tdl  crystallised,  belonging 
to  the  native  metals  (native  silver,  copper,  and  arsenic),  quartz,  specular 
iron,  carbonates  of  iron,  nickel,  zinc,  manganese,  sulphate  of  baryta, 
pyrites,  malachite,  copper  pyrites,  sulphuret  of  copper,  red  arsenical  and 
autimonial  silver.  .  .  .  We  approach  as  closely  as  possible  to  the  pro- 
cesses  of  nature,  if  we  succeed  in  reproducing  minerals  in  their  conditionik 
of  possible  association,  by  means  of  the  most  widely  diffused  natui'al 
chemical  agents,  and  by  imitating  the  phenomena  which  we  still  see 
realised  in  the  foci  in  which  the  mineral  creation  has  concentrated  the 
remains  of  that  activity  which  it  formerly  displayed  with  a  very  dif- 
ferent energy"  (H.  de  Senarmont,  Svr  la  Formation  des  Min4raux  par 
la  Voie  MumidCf  in  the  Annctles  de  Chemie  et  de  Physique,  Zhme  a6ne 
t.  xxsii,  1851,  p.  284  ;  see  also  Elie  de  Beaumont,  Sur  les  Emanations 
Volcamqucs  et  MStaUifires,  in  the  Bulletin  de  la  SocUti  Qiologique  d4 
France,  2e  s^rie,  t.  xv.  p.  129). 
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mann  distinguishes  : — 1.  JPurely  meteorohpcal  springs,  the 
average  temperature  of  which  is  not  increased  by  the  internal 
heat  of  the  earth ;  2.  Meteorologtco-qeological  springs,  which, 
being  independent  of  the  distribution  of  rain,  and  warmer 
than  the  air,  only  undergo  such  alterations  of  temperature  as 
are  communicated  to  them  by  the  soil  through  which  they 
flow  out ;  3.  Abnormally  cold  springs,  which  bring  down 
their  coliiess  from  great  elevations.*'    The  more  we  have 

^  "  In  order  to  ascertain  the  amount  of  variation  of  the  ayerage  tem- 
perature of  springs  from  that  of  the  air,  Dr.  Eduard  Hallmann  observed 
at  his  former  residence,  Marienberg,  near  Boppard,  on  the  Khine,  the 
temperature  of  the  air,  the  amoimt  of  rain  and  the  temperature  of  seven 
springs  for  five  years,  from  the  1st  December,  1845,  to  the  30th  No- 
vember, 1860  ;  upon  these  observations  he  has  founded  a  new  elabora- 
tion of  the  relative  temperature  of  springs.  In  this  investigation  the 
springs  with  a  perfectly  constant  temperature  (the  piurely  geological 
springs)  are  excluded.  On  the  other  hand,  all  those  springs  have  been^ 
made  the  subject  of  investigation  which  imdergo  an  alteration  in  their 
temperature  according  to  the  seasons. 

"  The  variable  springs  fall  into  two  natural  groups  : — 

'*  1.  Pwely  meteorological  springs  :  that  is  to  say,  those  whose  ave- 
rage is  demonstrably  not  elevated  by  the  heat  of  the  earth.  In  these 
springs  the  amount  of  variation  of  the  average  from  the  aerial  average  is 
dependent  upon  the  distribution  of  the  annual  amount  of  rain  through 
the  12  months.  These  springs  are  on  the  average  colder  than  the  air 
when  the  proportion  of  rain  for  the  four  cold  months,  from  December 
to  March,  amounts  to  more  than  33^  per  cent.;  they  are  on  the  average 
warmer  than  the  air,  when  the  proportion  of  rain  for  the  four  warm 
months,  from  July  to  October,  amounts  to  more  than  33^  per  cent. 
The  negative  or  positive  diflference  of  the  spring-average  from  the  air- 
average,  is  larger  in  proportion  to  the  excess  of  rain  in  the  above-men- 
tioned cold  or  warm  thirds  of  the  year.  Those  springs  in  which  the 
difference  of  the  average  from  that  of  the  air  is  in  accordance  with 
the  law,  that  is  to  say,  the  largest  possible  by  reason  of  the  distribution 
of  rain  in  the  year,  are  called  purely  meteorological  springs  of  undis- 
torted  average ;  but  those  in  which  the  amount  of  difference  of  the 
average  from  the  air  average  is  diminished  by  the  disturbing  action  of  the 
atmospheric  heat  during  the  seasons  which  are  free  from  rain  are  called 
purely  meteorological  springs  of  a/pproximate  amerage.  The  approxima- 
tion of  the  average  to  ^e  aerial  average  is  caused  either  by  the  enclo* 
sure,  especially  by  a  channel  at  the  lower  extremity  of  which  the  tem-^ 
perature  of  the  spring  was  observed,  or  it  is  the  consequence  of  a  super- 
ficial course  and  the  poverty  of  the  feeders  of  the  spring.  In  each  year 
the  amoimt  of  difference  of  the  average  from  the  aerial  average  is 
eimilar  in  all  purely  meteorological  springs,  but  it  is  smaller  in  the 
approximate  than  in  the  undistorted  springs,  and  indeed  is  smaller  in 
proportion  as  the  disturbing  action  of  the  atmospheric  heat  is  greater. 
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advanced  of  late  years,  by  the  successful  employment  of 
chemistry,  in  the  geognostic  investigation  of  the  formation 

Of  the  springs  of  Marienberg  4  belong  to  i&e  group  of  purely  meteoro* 
logical  springs,  of  these  4  one  is  undistorted  in  its  average,  the  three 
otihers  are  approximated  in  various  degrees.  In  the  first  year  of  obser- 
vation the  portion  of  rain  of  the  cold  third  predominated,  and  all  four 
springs  were  on  the  average  colder  than  the  air.  In  the  four  following 
years  of  observation  the  rain  of  the  warm  third  predominated,  and  in 
these  all  the  fcmr  springs  had  a  higher  average  temperature  than  the 
air ;  and  the  positive  variation  of  the  average  of  the  spring  from  that 
of  the  air  was  higher,  the  greater  the  excess  of  rain  in.  the  worm  third 
of  one  of  the  four  years. 

"  The  view  put  forward  in  the  year  1825,  by  Leopold  von  Buch,  that 
the  amount  of  variation  of  the  average  of  springs  from  that  of  the  air 
must  depend  upon  the  distribution  of  rain  in  Uie  seasonB  of  the  year 
has  heean  shown  to  be  perfectly  correct  by  HftHmajan,  at  least  for  hia 
place  of  observation,  Marienberg,  in  the  Bhenish  Grauwacke  mountains. 
The  purely  meteorological  springs  of  undistorted  average  alone  have 
any  value  for  soientific  climatology ;  these  8{H!ingf(  aro  to  be  sought  for 
everywhere,  and  to  be  distinguished  on  the  one  hand  from  the  purely 
meteorological  springs  with  an  approximate  average,  and  on  the  other 
from  the  meteorologico-geological  springs. 

*'  2.  Msteorologico-geological  springs:  that  is  to  say,  those  of  which 
the  average  is  demonstrably  heightened  by  the  heat  of  ihe  earth.  Wha1> 
ever  the  diBtribution  of  rain  may  be,  these  springs  are  in  their  average 
wanner  than  the  air,  all  the  year  round  (the  aitmtions  of  temperature 
which  they  exhibit  in  the  course  of  the  year  ane  oommimicated  to  th^n 
by  the  soil  l^rougli  which  they  flow).  The  amount  by  which  the 
average  of  a  meteorologioo-geological  spring  exceeds  ib/e  tstmospheric 
average,  depends  upon  the  depth  to  which  the  mtffceoric  waters  have 
sunk  down  into  the  interior  of  tiie  earth,  where  the  temperature  is  con* 
stant,  before  they  again  make  Uieir  appearance  in  the  form  of  a  spring ; 
this  amount  consequently  possesaes  no  olinuutologieal  interest.  The 
dimatologist  must,  however,  know  these  springe,  in  order  that  he  may 
not  mistake  them  for  purely  meteorological  springs.  The  meteorologioo- 
geological  springs  may  also  be  approximated  to  the  aerial  average  by  aa 
enclosure  or  channel.  The  springs  were  observed  on  particular  fixed 
days,  four  or  five  times  a  month.  The  elevation  abore  the  sea,  both  of 
1^  place  where  the  temperature  of  the  air  was  observed,  and  of  the 
different  springs  was  carefully  token  into  account." 

After  the  completion  of  the  ^abonttion  of  his  obsenrationB  at  Marien- 
berg, Dr.  Hallmann  passed  the  winter  of  1852 — 1853  in  Italy,  and 
Sound  abTiormally  cold  springs  in  the  vicinity  of  ordinary  ones.  This  is 
ihe  name  he  gives  "to  those  springs  which  demonstrably  bring  down 
cold  from  above.  These  springs  are  to  be  r^arded  as  Bubterrancan 
drains  of  open  lakes  or  subterranean  accumulations  of  water  situated 
at  a  great  elevation,  from  which  the  waters  pour  down  very  rapidly 
in  fissures  and  clefts,  and  break  forth  at  the  foot  of  the  mountain  or 
chain  of  mountains  in  the  form  of  springs.    The  idea  of  the  abnormally 
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and  metamorpMc  tism^oiinatiou  of  rocks,  the  greater  im- 
portance has  been  acquired  for  the  consideration  of  the 
waters  impregnated  with  gases  and  salts  which  circulate  id  the 
interior  of  the  earth^and  which,  when  they  burst  forth  at  the 
surface  as  thermal  springs,  have  already  fulfilled  the  greater 
part  of  their  formative,  alteraiive,  or  destructive  activity. 

c.  Vaptmr  and  Gas  Springs,  Salses,  Mud^voloanoeSy 

I^aphthorfira, 

(Amplification  of  the  Pictxire  of  ISTature.     Cosmos, 

vol.  i  pp.  221—223). 

In  the  General  Representation  of  Nature,  I  have  shown  by 
well  ascertained  examples,  which,  however,  have  not  been 
sufficiently  taken  into  consideration,  how  the  salses  in  the 
various  stages  through  which  they  pass,  from  the  first  erup- 
tions accompanied  by  flames,  to  the  subsequent  condition  of 
simple  eruptions  of  mud,  form  as  it  were  an  intemiddiate 
step  between  hot  springs  and  true  volcanoes,  which  throw 
out  fiised  earths,  either  in  the  form  of  disconnected  cinders, 
or  as  newly  formed  rocks,  often  arranged  in  many  beds  one 
over  the  other.  Like  aU  transitions  and  intermediate  steps 
both  in  organic  and  inorganic  nature,  the  salses  and  mud- 
volcanoes  deserve  a  more  carefal  consideration  than  was 
bestowed  upon  them  by  the  older  geognosists,  from  the  want 
of  special  knowledge  of  the  fetcts. 

The  salses  and  naphtha  springs  are  sometimes  arranged  in 
isolated  close  groups  :  like  the  Maealubi,  near  Girgenti,  in 
Sicily,  which  were  mentioned  even  by  Solinus,  those  nearPietra 
Mala,  Barigazzo,  and  on  the  Monte  Zibio,  not  far  from  Sas- 
suolo  in  the  north  of  Italy,  or  those  near  Turbaco  in  South 
America ;  sometimes  they  appear  to  be  arranged  in  narrow 
chains,  and  these  are  the  most  instructive  and  important. 

oold  springs  is,  therefore,  as  follows : — ^They  are  too  cold  for  the  elevA- 
tdon  at  wMchiiley  come  fortii ;  or,  which  indicates  the  conditions  better^ 
they  come  forth  st  too  low  a  part  of  the  mountain  for  their  low  tem- 
perature." These  views,  which  ore  developed  in  the  first  volume  of 
Hallmann's  Ttmperaim^erhaUmeKn  der  Qubeilen,  have  been  modified  by 
the  author  in  his  second  volume  (a.  181 — 183),  because  in  every 
meteorological  spring,  however  superficial  it  may  be  there  must  be 
some  telluric  heat. 
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We  have  long  known  ^  as  the  outermost  members  of  the 
Caucasus^  in  the  north*west  the  mud-volcanoes  of  Taman, 

<^  Humboldt,  Asie  Centrale,  t.  ii,  p.  58.  Upon  the  reasons  which 
render  it  probable  that  the  Caucasus,  which  for  f ths  of  its  length,  be- 
tween the  Kasbegk  and  ElburuZi  runs  from  E.S.E.  to  W.N.W.  in  the 
mean  parallel  of  42°  50\  is  the  oontinuation  of  the  volcanic  fissure  of 
the  Asferah  (Aktagh)  and  Thian-schan,  see  the  work  cited  above,  pp.  54 
— 61.  Both  the  Aisferah  and  Thian-schan  oscillate  between  the  parallels 
of  40^"  and  43°.  I  regard  the  great  Aralo-Caspian  depression,  the  sur- 
face of  which,  according  to  ti^e  accurate  measurements  of  Struve, 
exceeds  the  area  of  the  whole  of  France  by  nearly  107,520  geographical 
square  miles  {Op.  cit.  tupra,  pp.  309 — 312),  as  more  ancient  than  the 
elevations  of  the  Altai  and  Thian-schan.  The  fissure  of  elevation  of 
the  last-mentioned  mountain  chain  has  not  been  continued  through  the 
great  depression.  It  is  only  to  the  west  of  the  Caspian  Sea  that  we  again 
meet  with  it,  with  some  alteration  in  its  direction,  as  the  chain  of  the 
Caucasus,  but  associated  with  trachytic  and  volcanic  phenomena.  This 
geognostic  connection  has  also  been  recognised  by  Abich,  and  confirmed 
by  valuable  observations.  In  a  treatise  on  the  connection  of  the  Thian- 
fichan  with  the  Caucasus  by  this  great  geognosist,  which  is  in  my  pos- 
session,  he  says  expressly : — **  The  frequency  and  decided  predominance 
of  a  system  of  parallel  dislocations  and  lines  of  elevation  (nearly  from 
east  to  west)  distributed  over  the  whole  district  (between  the  Black  Sea 
and  the  Caspian)  brings  the  mean  axial  direction  of  the  great  latitu- 
dinal central  Asiatic  mass-elevations,  most  distinctly  westward  from  the 
Kosyurt  and  Bolar  systems  to  the  Caucasian  Isthmus.  The  mean 
direction  of  the  Caucasus,  S.E.— N.W.,  is  E.S.E.— W.N.W.  in  the  cen- 
tral parts  of  the  mountain  chain,  and  sometimes  even  exactly  E. — ^W.,  as 
in  the  Thian-schan.  The  lines  of  elevation  which  unite  Ararat  with  the 
trachytic  mountains  Dzerlydagh  and  Eargabassar  near  Erzeroum,  and  in 
the  southern  parallels  of  which  Mount  Argaeus,  Sepandagh,  and  Sabalau 
are  arranged,  constitute  the  most  decided  expression  of  a  mean  volcanic 
axial  direction,  that  is  to  say,  of  the  Thian-schan  being  prolonged  west- 
ward through  the  Caucasus.  Many  other  mountain-directions  of 
Central  Asia,  however,  also  revert  to  this  remarkable  space,  and  stand, 
as  elsewhere,  in  mutual  relation  to  each  other,  so  as  to  form  vast  moun- 
tain nuclei  and  maxima  of  elevation."  Pliny  (vi,  17),  says  : — "  Persae 
appellavere  Caucasum  montem  Graucasim  (var.  Qraucasum,  Groucasim, 
Grocasum),  hoc  est  nive  candidum;"  in  which  Bohlen  thought  the 
Sanscrit  words  hda^  to  shine,  and  gravan,  rock,  were  to  be  recognised 
(see  my  Asie  Centrale,  t.  i,  p.  109).  As  Elausen  says,  in  his  investiga- 
tions on  the  wanderings  of  lo  {Skeinitc^  Museum  fur  Philologies 
Jahrg  iii,  1845,  s.  298),  if  the  name  Qraucaant  was  corrupted  into  Cau- 
casus, then  a  name  "  in  which  each  of  its  first  syllables  gave  the  Greeks 
the  idea  of  burning  might  certainly  characterise  a  burning  mountain^ 
with  which  the  history  of  the  Fire-burner  (Fire-igniter,  trv^Kaivo)  would 
become  readilyand  almost  spontaneously  associated."  It  cannot  be  denied 
that  myths  sometimes  originate  from  names,  but  the  production  of  so 
great  and  important  a  fable,  as  the  Typhonlco-caucasic,  can  certainly  not 
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and  in  the  south-east  of  the  great  mountain  chain,  the 
naphtha-springs  and  naphtha-fire  of  Baku  and  the  Caspian 
peninsula,  Apscheron.  The  magnitude  and  connection  of 
this  phenomenon  was,  however,  first  discovered  hy  Abich, 
distinguished  by  his  profound  knowledge  of  this  part  of 
Asia.  According  to  him,  the  mud-volcanoes  and  naphtha- 
fires  of  the  Caucasus  ore  arranged  in  a  distinctly  recognisable 
manner  in  certain  lines,  which  stand  in  unmistakeable  rela- 
tion with  the  axes  of  elevation  and  the  directions  of  dislo- 
cation of  the  strata  of  rock.  The  greatest  space,  of  nearly 
4,000  square  miles,  is  occupied  by  genetically  connected 
mud-volcanoes,  naphtha-emanations  and  saline  springs  in 
the  south-eastern  part  of  the  Caucacus,  in  an  isosceles 
triangle,  the    base    of   which  is  the    shore  of  the  Cas- 

be  derivable  from  the  accidental  similarity  of  sound  in  the  misunderstood 
name  of  a  mountain.  There  are  better  arguments,  of  which  Klausen  also 
mentions  one.  From  the  actual  association  of  Typhon  and  the  Caucasus, 
and  from  the  express  testimony  of  Pherecydes  of  Syros  (in  the  time  of 
the  68th  Olympiad),  it  is  clear  that  the  eastern  extremity  of  the  world 
was  regarded  as  a  volcanic  mountain.  According  to  one  of  the  Scholia 
to  ApoUonius  {Scholia  in  ApoU.il/iod.,  ed.  SchaefiPeri,  1813,  v.  1210, 
p.  524),  Pherecydes  says,  in  the  Theogony,  "that  Typhon,  when  pur- 
sued, fled  to  the  Caucasus,  and  that  then  the  mountain  burnt  (or  was 
set  on  fire);  that  from  thence  Typhon  fled  to  Italy,  when  the  island 
Pithecusa  was  thrown  around  (as  it  were,  poured  around)  him/*  But 
Pithecusa  is  the  island  ^naria  (now  Ischia),  upon  which  the  Epomeus 
(Epopon)  cast  forth  lire  and  lava,  according  to  Julius  Obsequens,  95 
years  before  our  era,  then  during  the  reigns  of  Titus  and  Diocletian, 
and  lastly,  in  the  year  1302,  according  to  the  statement  of  Tolomeo 
Fiadoni  of  Lucca,  who  w^as  at  that  time  Prior  of  Santa  Maria  Novella, 
"  It  is  singular,"  as  Boeckh,  the  profound  student  of  antiquity,  ^vrite8  to 
me,  "that  Pherecydes  should  make  Typhon  fly  from  the  Caucasus 
because  it  burnt,  as  he  himself  is  the  originator  of  subterraneous  fire; 
but  that  his  residence  upon  the  Caucasus  rests  upon  the  occurrence  of 
volcanic  eruptions  there,  appears  to  me  to  be  undeniable.*'  ApoUonius 
Rhodius  {Argon,  lib.  ii,  v.  1212 — 1217,  ed.  Beck)  in  speaking  of  the  birth 
of  tlie  Colchum  Dragon,  also  places  in  the  Caucasus  the  rock  of  Typhon, 
on  which  the  giant  was  struck  by  the  lightning  of  Jupiter.  Although  the 
lava-streams  and  crater-lakes  of  the  high  land  of  Kely,  the  eruptions  of 
Ararat  and  Elburuz,  or  the  currents  of  obsidian  and  pumice-stone  from 
the  old  craters  of  the  Riotandagh,  may  be  placed  in  a  pre-historic 
period,  still  the  many  hundred  flames  which  even  now  break  forth 
from  fissures  in  the  Caucasus,  both  from  mountains  of  seven  or  eight 
thousand  feet  in  height  and  from  broad  plains,  may  have  been  a  suffi- 
cient reason  for  regarding  the  entire  mountain  district  of  the  Caucasus 
as  a  Typhonio  seat  of  fire. 

VOL.  V.  p 
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plan  Sea  near  Balachani  (to  the  north  of  Baku)  and  one  of 
the  mouths  of  the  Kor  (AraxesV  near  the  hot  springs  of 
Sallian.  The  apex  of  such  a  triangle  is  situated  near  the 
Schagdagh  in  the  elevated  valley  of  Kinalughi  There,  at 
the  boundary  of  a  dolomitic  and  slate  formation,  at  an  ele- 
vation of  8350  feet  above  the  Caspian  Sea,  close  to  the 
village  of  Kinalughi  itself,  break  forth  the  perpetual  fires  of 
the  Schagdagh,  which  have  never  been  extinguished  by  me- 
teorological occurrences.  The  central  axifi  of  this  triangle 
corresponds  with  the  direction  which  the  earthquakes,  so 
often  experienced  in  Schamacha  upon  the  banks  of  the 
Pyrsagat,  appear  constantly  to  follow.  When  the  north- 
western direction  just  indicated  is  traced  further,  it  strikes 
upon  the  hot  sulphurous  springs  of  Akti,  and  then  becomes 
tne  line  of  strike  of  the  principal  crest  of  the  Caucasus  where 
it  rises  up  into  the  Kasbegk  and  Jbounds  Daghestan.  The 
salses  of  the  lower  region,  which  are  often  regularly  arranged 
in  series,  gradually  liecoine  more  numerous  towards  the  shore 
of  the  Caspian,  between  Sallian,  the  mouth  of  the  Pyrsagat 
(near  the  island  of  Swinoi),  and  the  peninsula  of  Apscheron, 
They  present  traces  of  repeated  mud  eruptions  in  earlier 
times,  and  often  bear  at  their  siunmits  small  cones,  from 
which  combustible  and  often  spontaneously  ignited  gas  ia 
poured  forth,  and  which  are  exactly  similar  in  form  to  the 
homitos  of  Jorullo  in  Mexico.  Considerable  eruptions  of 
flame  were  particularly  frequent  between  1844  and  1849,  at 
the  Oudplidagh,  Nahalath,  and  Turandagh.  Close  to  the 
mouth  of  the  Pyrsagat  on  the  mud  volcano  Toprachali, 
"  black  marly  fragments,  which  at  the  first  glance  might  be 
confounded  with  dense  basalt,  and  extremely  fine-grained 
doleritic  rocks"  are  found  (a  proof  of  the  exceptional,  greatly 
increased  intensity  of  the  subterranean  heat).  At  other 
points  on  the  peninsula  of  Apscheron,  Lenz  found  slag-like 
fragments  as  products  of  eruption  ;  and  during  the  great 
•eruption  of  flame  of  Backlichli  (7th  February,  1839),  small 
hollow  balls,  like  the  so-called  ashes  of  the  true  volcanoes, 
were  carried  by  the  wind  to  along  distance.® 

^^  Humboldt,  Asie  Centrale,  t.  ii,  pp.  511  and  613.  I  have  already 
^t.  li,  p.  201)  called  attention  to  the  fact  that  Edriai  does  not  mention 
the  fire  of  Baku,  although  it  is  described  diffusely  as  a  Nefala-land,  that 
is  to  say,  rich  in  burning  naphtha  springs,  by  Massudi  Cothbeddin,  two 
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In  the  north-western  extremity  towards  the  Cimmerian 
Bosphonis  are  the  mud  volcanoes  of  the  peninsula  of  Taman, 
which  &xrm  one  group  with  those  of  Aklanisawka  and 
Jaiikale  near  Kertsch.  One  of  the  salses  of  Taman  exhibited 
an  eruption  of  mud  and  gas  on  the  27th  of  February,  1793,  in 
which,  after  much  subterranean  noise,  a  column  of  fire  half 
enveloped  in  black  smoke  (dense  aqueous  vapotir  ?)  rose  to  a 
height  of  several  hundred  feet.  It  is  a  remarkable  pheno- 
menon, and  instructive  as  regards  the  nature  of  the  Volcano 
citos  de  Turhaca^  that  the  gas  of  Taman,  which  was  tested  in 
ISll  by  Frederick  Parrot  and  Engelhardt,  was  not  inflcmi* 
mdble ;  whilst  the  gas  collected  by  Gobel  in  the  same  place, 
23  years  later,  burnt,  from  the  mouth  of  a  glass  tube,  with 
a  bluish  flame  like  all  emanations  from  the  salses  in  the 
south-'oastem  Caucasus,  but  also,  when  carefally  analysed, 
contained  in  100  parts  92.8  of  carburetted  hydrogen  and  5 
parts  of  carbonic  oxide  gas.^ 

A  phenomenon  certainly  nearly  allied  to  these  in  its  origin, 
although  different  as  re^Euxis  the  matter  produced,  is  pre* 
sented  by  the  eruptions  of  boracic  acid  vapours  in  the  Tuscan 
Maremma,  known  under  the  names  of  Icigoni,  Jummarole^ 
sqffloniy  and  even  volcanic  near  Possara,  (Jastel  Novo,  and 
Monte  Cerboli.  The  vapours  have  an  average  temperature 
of  205°  to  212^,  and  according  to  Pella,  in  certain  points,  as 
much  as  347°.  They  rise  in  part  directly  from  clefts  in  the 
rocks,  and  partly  from  stagnant  pools,  in  which  they  throw  up 
small  cones  of  fluid  clay.  They  are  seen  to  diffuse  them- 
selves in  the  air  in  whitish  eddies.  The  boracic  acid,  which 
is  brought  up  by  the  aqueous  vapours  from  the  bosom  of 
the  earth,  cannot  be  obtained  when  the  vapours  of  the 
sqffioni  are  condensed  in  very  wide  and  long  tubes,  but 
becomes  difliised  in  the  atmosphere  in  consequence  of  its 
volatility.  The  acid  is  only  procured  in  the  beautiful  esta- 
blishments of  Count  Larderel,  when  the  orifices  of  the 

litindred  years  before,  in  the  tenth  century  (see  Fiiihn,  Ihn  Fod,<m, 
p.  245,  and  on  the  etymology  of  the  Median  word  naphika,  Ana/tic 
Journal,  voL  ziii,  p.  124). 

^  Compare  Moritss  von  Engelhardt  and  F.  Parrot,  Feiae  m  die  Krym 
wad  den  KauhasuSy  1815,  Th.  i,  s.  71,  with  Qobel,  Bme  in  die  J^ppen 
des  sud  lichen  Rusalande,  1838,  Th.  i,  s.  249—253,  and  Th.  ii,  e.  138 
—144. 
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soffioni  are  covered  directly  by  the  fluid  of  the  basin.^ 
According  to  Payeu's  excellent  analysis,  the  gaseous  emana- 
tions contain  0*57  of  carbonic  acid,  0*35  of  nitrogen,  and 
only  0*07  of  oxygen,  and  0*001  of  sulphuric  acid.  Where 
the  boracic  acid  vapours  permeate  the  clefts  of  the  rock, 
they  deposit  sulphur.  According  to  Sir  Eoderick  Murchi- 
son's  investigations  the  rock  is  in  part  of  a  chalky  nature, 
and  in  part  an  eocene  formation,  containing  nummulites — ^a 
maciffno,  which  is  penetrated  by  the  imcovered  and  elevated 
serpentine  ^  oi  the  neighbourhood  (near  Monte  Rotondo).  In 
this  case,  and  in  the  crater  of  Volcano,  asks  Bischof,  do 
not  hot  aqueous  vapours  act  upon  and  decompose  boracic 
minerals,  such  as  rocks  rich  in  datolithe,  axinite  or  tourma- 
line ?** 

In  the  variety  and  grandeur  of  the  phenomena,  the  system 
of  soffioni  in  Iceland  exceeds  anything  that  we  are  ac- 
quainted with  on  the  continent.  Actual  mud-springs  biu^ 
forth  in  the  fumarole-field  of  Krisuvek  and  Reykjalidh, 
from  small  basins  with  crater-like  margins  in  a  bluish  gray 

^  Payen,  De  Vacide  horacigm  des  Suffioni  de  la  Toscane,  in  the 
Amiales  de  Chimie  ct  de  Physique,  3me  s^rie,  t.  i,  1841,  pp.  247 — 255 ; 
Bischof,  Cliem.  und  Physik,  Geologic,  Bd.  i,  s.  669 — 691;  EtahHasemeiUa 
industriels  de  Vacide  horacique  en  Toscane,  by  the  Count  de  Larderel, 
p.  8. 

^  Sir  Roderick  Impey  Murchiaon,  On  the  vents  of  hot  vapotMr  in  Tus- 
cany, 1850,  p.  7  (see  also  the  earlier  geognostic  obsei*vationB  of  Hoff- 
mann, in  Karsten's  wid  Dechen*s  Arckiv  fUr  Mineral.  Bd.  xlii,  1839, 
s.  19).  From  old  but  trustworthy  traditions,  Targioni  Tozzeti  asserts 
that  some  of  these  boracic  acid  springs  which  are  constantly  changing 
their  place  of  eruption  were  once  seen  to  be  luminous  (ignited)  at  night. 
In  order  to  increase  the  geological  interest  of  the  observations  of  Mup- 
chison  and  Pareto  upon  the  volcanic  relations  of  the  serpentine  forma- 
tion in  Italy,  I  may  here  advert  to  the  fact  that  the  flame  of  the  Asiatic 
Chimaera  (near  the  town  of  Deliktasch,  the  ancient  PhaseHs  in  Lycia^ 
on  the  west  coast  of  the  Qulf  of  Adalia)  which  has  been  burning  for 
several  thousand  years^  also  rises  from  a  hill  on  the  slope  of  the  Soli- 
mandagh,  in  which  serpentine  in  position  and  blocks  of  limestone  have 
been  found.  Bather  more  to  the  south,  on  the  small  island  of  Gram- 
busa,  the  limestone  is  deposited  upon  dark-coloured  serpentine.  See 
the  important  work  of  Admiral  Beaufort  {Survey  of  the  Coasts  of  Caror 
mania,  1818,  pp.  40  and  48),  whose  statements  are  confirmed  by  the 
specimens  of  rocks  just  brought  home  (May,  1864),  by  a  highly  talente<l 
artist,  Albrecht  Berg  (Pierre  de  Tchihatcheff,  Asie  ifineure,  1863,  t.  i, 
p.  407.) 

^  Bischof,  op.  cit,  a.  682. 
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clay.^  Here  also  the  fissures  of  the  springs  may  be  traced 
in  determinate  directions.-  There  is  no  portion  of  the  eai-th, 
where  hot  springs,  salses  and  gas-eruptions  occur,  that  has 
been  made  the  subject  of  such  admirable  and  complete  che- 
mical investigations  as  those  on  Iceland,  which  we  owe  to 
the  acute  ^nd  persevering  exertions  of  Bunsen.  Nowhere, 
perhaps,  in  such  a  great  extent  of  country,  or  so  near  the 
surface,  is  such  a  midtifarious  spectacle  of  chemical  decom- 
positions, conversions,  and  new  formations  to  be  witnessed. 

Passing  from  Iceland  to  the  neighbouring  American  con- 
tinent we  find  in  the  State  of  New  York,  in  the  neighbour- 
hood of  Fredonia,  not  fax  from  Lake  Erie,  a  multitude  of 
jets  of  infiammablegas  (carburetted  hydrogen),  breaking  forth 
£:om  fissures  in  a  basin  of  Devonian  sandstone  strata,  and 
partly  employed  for  the  purpose  of  illumination.  Other 
springs  of  inflammable  gas,  near  Kushville,  assume  the  form 
of  mud  cones ;  and  others,  in  the  valley  of  the  Ohio,  in 
Vii^nia,  and  on  the  Kentucky  river,  also  contain  chloride 
of  sodium,  and  are  there  connecjbed  with  weak  naphtha 
springs.  But  on  the  other  side  of  the  Caribbean  Sea,  on  the 
north  coast  of  South  America,  11^  miles  south-south-east 
from  the  harbour  of  Cartagena  de  Indias,  near  the  plea- 
sant village  of  Turbaco,  a  remarkable  group  of  salses  or 
mud-volcanoes  exhibits  phenomena,  which  I  was  the  first  to 
describe. 

In  the  neighbourhood  of  Turbaco,  where  one  enjoys  a 
magnificent  view  of  the  colossal  snowy  mountains  {Sierras 
I^evadas)  of  Santa  Marta,  on  a  desert  spot  in  the  midst  of 
the  primeval  forest,  rise  the  Voloancitos,  to  the  number  of 
18  or  20.  The  largest  of  the  cones,  which  consist  of  blackish 
gray  loam,  ai'e  firom  19  to  23  feet  in  height,  and  probably 
^0  feet  in  diameter  at  the  base.  At  the  apex  of  each  cone 
is  a  circular  orifice  of  20  to  28  inches  in  diameter,  surrounded 
hj  a  small  mud-walL  The  gas  rushes  up  with  great  violence, 
as  in  Taman,  forming  bubbles,  each  of  which,  according  to 
my  measurements  in  graduated  vessels,  contains  10 — 12 
cubic  inches.    The  upper  part  of  the  fimnel  is  filled  with 

^7  Sartorius  von  Waltershausen,  Phymck-geographUcke  Skizze  von 
hUmd,  1847,  b.  123;  Bunsen  "upon  the  processes  of  formation  of  tlio 
volcanic  rocks  of  Iceland/'  Poggend.  AnnaleUt  Bd.  Iszxiii,  s.  257. 

®  Waltershausen,  op,  ciL  s.  118. 
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water^  which  rests  xqaon  a  oompact  floor  of  mud.  The  erup- 
tions are  not  simnltaneons  in  neighbouring  conee^  but  in 
e^h  one  a  certain  regularity  was  obaervable  in  the  periods 
of  the  eraption&  Bonpland  and  I,  standing  on  the  outeiv 
most  parts  of  the  group,  counted  pretty  regularly  5  eruptions 
erery  2  minutes.  On  bending  down  orer  the  small  orifice 
of  the  crater  a  hollow  sound  is  perceived  in  the  interior  of 
the  earth,  far  below  the  base  of  the  cone,  usually  20  seconds 
hefbre  each  eraption.  A  very  thin  burning  wax  taper  was 
instantly  extinguished  in  the  gas,  which  wa^  twice  collected 
with  great  care ;  this  was  also  the  case  with  a  glowing  chip 
of  the  wood  Bombax  Ceiba,  The  gas  could  not  be  ignited 
Lime  water  was  not  rendei^  tnrbid  by  it ;  no  absorption 
took  place.  When  tested  for  oxygen  with  nitrous  acid  gas, 
this  gas  showed  no  trace  of  the  fanner  in  one  experiment ; 
in  a  second  case,  when  the  gas  of  the  Yolcancitos  had  been 
confined  for  many  hours  in  a  bell  ^ass  with  water,  it  exhi- 
bited rather  more  than  one  hundredth  of  oxygen,  which 
had  probably  been  eyolved  &om  the  water  and  accidentally 
intermixed. 

From  these  analytical  results  I  then  declared,  perhaps  not 
very  incorrectly,  that  the  gas  of  the  Volcsmcitos  of  Turbaco 
was  nitrogen  gas,  which  might  be  mixed  with  a  small 
quantity  of  hydrogen.  At  the  same  time  I  expressed  my 
regret  in  my  journal,  that  in  the  state  of  chemistry  at  that 
time  (April,  1801),  no  means  were  known  by  which,  in  a 
mixture  of  nitrogen  and  hydrogen  gases,  the  numerical 
proportions  of  the  mixtnre  mi^t  be  determined.  The 
expedient,  by  the  employment  of  which  three  thousandths 
of  hydrogen  may  be  detected  in  a  gaseous  mixture,  was  only 
discovered  by  Gay-Lussac  and  myself  four  years  afiberwards,** 
During  the  half-century  that  has  elapsed  since  my  residence 
in  Turbaco,  and  my  astronomical  survey  of  the  Magdalena 
river,  no  traveller  had  occupied  himself  scientifically  with 
the  small  mud-volcanoes  just  described^  until,  at  the  end  of 
Becemb^,  1850,  my  Mend  Joaquin  Acoata^'^^  so  weU  versed 

®  Hiunboldt  and  Gay-Lussac,  MSmmre  snr  Tanalyse  de  Tair  atmch 
iphirique  in  the  JowmU  de  Physiqtte,  pcsr  Lemiihearie,  t.  Iz^  p.  151  (see 
my  Klemere  Sekr^ftm,  Bd.  i,  s.  346). 

7^  ''  It  Ib  with  emotion  that  I  have  JQBt  viated  a  place  which  you 
made  known  fifty  years  ago.    The  appearance  of  the  small  voLcanoes  of 
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in  modem  geognosy  and  chemistry,  made  the  remarkable 
observation  that  at  present  "  the  cones  dif[use  a  bituminous 
odour ;"  (of  which  no  trace  existed  in  my  time) ;  "  that  some 
petroleum  floats  upon  the  surface  of  the  wat^  in  the  small 
orifices,  and  that  the  gas  pouring  out  may  be  ignited  upon 
every  mud-KSone  of  Turbaco."  Does  this,  asks  Acosta,  indi- 
cate an  alteration  of  the  phenomena  brought  about  by 
internal  processes,  or  simply  an  error  in  the  earlier  experi- 
ments? I  would  admit  the  latter  freely,  if  I  had  not 
preserved  the  leaf  of  the  journal  on  which  the  experiments 
were  recorded  in  detail,'^  on  the  very  morning  on  which 

Turbaco  is  such  as  you  have  described ;  there  is  the  same  luxuriance 
of  vegetatioo,  the  same  fona  of  cones  of  clay,  and  the  same  ejection  oi 
liquid  and  muddy  matter;  nothing  has  changed,  unless  it  be  the 
nature  of  the  gas  which  is  eyolved.  I  had  with  me,  in  accordance 
with  the  advice  of  our  mutual  friend,  M.  Boussingault,  all  that  was 
necesBsary  for  the  chemical  analysis  of  the  gaseous  emanations,  and  even 
for  making  a  freezing  mixture  for  the  purpose  of  condensing  the  aqueous 
vapour,  as  the  doubt  had  been  expressed  to  me  that  nitrogen  might 
have  been  confounded  with  this  vapour.  But  this  apparatus  was  by 
no  means  necessary.  As  soon  as  I  arrived  at  the  VotcancUos,  the  dis- 
tinct  odour  of  bitumen  set  me  in  the  right  course ;  I  commenced  by 
lighting  the  gas  upon  the  very  orifice  of  each  small  crater.  Even  now 
one  sees  on  the  surface  of  the  liquid,  which  rises  intermittently,  a  deli« 
cate  film  of  petroleum.  The  gas  collected  bums  away  ent/vrdy,  without 
any  residue  of  nitrogen(?)  and  without  depositing  sulphur  (when  ia 
contact  with  the  atmosphere).  Thus  the  nadwre  ojiht  phetiomenon  Juu 
completely  chamged  since  your  journey,  unless  we  ctSnU  an  error  of  ohser* 
vation,  justified  by  the  less  advanced  state  of  experimental  chemistry 
at  that  period.  I  no  longer  doubt  that  the  great  eruption  of  Galera 
Zamba,  which  illuminated  the  country  in  a  radius  of  100  kilometres 
(62  miles),  is  a  salses-like  phenomenon,  developed  on  a  great  scale,  since 
there  exist  hundreds  of  little  cones,  vomiting  saline  clay,  upon  a  surface 
of  400  square  leagues.  I  propose  examining  the  gaseous  products  of 
the  cones  of  Tubark,  which  are  the  meet  distant  salses  from  your 
VolcancUos  of  Turbaco.  From  the  powerful  manifestations  which  have 
caused  the  disappearance  of  a  part  of  the  pemnsula  of  Qaiera  Zamba^ 
now  become  an  island,  and  from  the  appearance  of  a  new  island  raised 
from  the  bottom  of  the  sea  in  1848,  and  which  has  since  disappeared, 
I  am  led  to  think  that  it  is  near  Ghilera  Zamba,  to  the  west  of  the  delta 
of  the  Rio  Magdalena,  that  the  principal  focus  of  the  phenomenon  of 
salses  in  the  province  of  Carthagena  is  situated"  (from  a  letter  from 
Ck>lonel  Acosta  to  A.  von  Humboldt,  Turbaco,  21  December,  1850). 
8ee  also  Mosquera,  MemoriapolUica  sobre  la  Nueva  Gfranada,  1852, 
p.  73  ;  and  Lionel  Qisbome,  The  IsChmtis  of  Darien,  p.  48. 

7^  During  the  whole  of  my  American  expedition  I  always  adhered 
strictly  to  the  advice  of  Tauquelin,  under  whom  I  worked  for  some  tim» 


216  cos:iros. 

tliey  were  made.  I  find  nothing  in  them  that  could  make 
jne  at  all  doubtful  now ;  and  the  observation  already  referred 

before  my  voyage :  to  write  down  and  presezve  the  details  of  every 
experiment  on  &e  same  day.  From  my  journals  of  the  17tli  and 
18th  April,  1801,  I  here  copy  the  following : — "  As,  therefore,  the  gas 
showed  scarcely  0.01  of  oxygen  from  experiments  with  phosphorus 
and  nitrous  acid  gas,  and  not  0.02  of  carbonic  acid  with  lime-water,  the 
question  is,  what  are  the  other  97  hundredths?  I  supposed,  first  of  all, 
carburetted  and  sulphuretted  hydrogen ;  but  no  sulphur  is  deposited 
on  the  margins  of  the  small  craters  in  contact  with  the  atmosphere, 
and  no  odour  of  sulphuretted  hydrogen  was  to  be  perceived.  The  pro* 
blematical  part  might  appear  to  be  pure  nitrogen,  for,  as  above  men- 
tioned, nothing  was  ignited  by  a  Imming  taper;  but  1  know,  from  the 
time  of  my  analyses  of  fire-damp,  that  a  light  hydrogen  gas,  free  from 
liny  carbonic  acid,  which  merely  stood  at  the  top  of  a  gallery  did  not 
ignite,  but  extinguished  the  pit  candles,  whilst  the  latter  burnt  clearly 
in  deep  places,  when  the  air  was  considerably  mixed  with  nitrogen  gas. 
The  residue  of  the  gas  of  the  Volcancitos  is,  therefore,  probably  to  be 
regarded  as  nitrogen,  with  a  portion  of  hydrogen  gas,  the  quanti- 
tative amount  of  which  we  do  not  at  present  know.  Does  the  same 
carbonaceous  schist  that  I  saw  farther  westward  on  the  Bio  Sinu,  or 
marl  and  clay,  lie  below  the  Volcancitos  ?  Does  atmospheric  air  penetrate 
through  narrow  fissures  into  cavities  formed  by  water  and  become  de- 
composed in  contact  with  blackish  gray  loam,  as  in  the  pits  in  the 
saline  clay  of  Hallein  and  Berchtholdisgaden,  where  the  chambers  are 
filled  with  gases  which  extinguish  lights  ?  or  do  the  gases,  streaming  out 
tense  and  elastic,  prevent  the  penetration  of  atmospheric  air?"  These 
questions  were  set  down  by  me  in  Turbaco  53  years  ago.  According  to 
the  most  recent  observations  of  M.  yauvei*t  de  Mdan  (1854)  the  inflam- 
mability of  the  gas  emitted  has  been  completely  retained.  The  traveller 
brought  with  him  samples  of  the  water  which  fills  the  small  orifice  of 
the  craters  of  the  Volcancitos.  In  this  Boussingault  found  in  the  litre: 
common  salt,  6.59  gr. ;  carbonate  of  soda,  0.31;  sulphate  of  soda,  0.20; 
and  also  traces  of  borate  of  soda  and  iodine.  In  the  mud  which  had 
fallen  to  the  bottom,  Ehrenberg,  by  a  careful  microscopic  eximination, 
found  no  calcareous  parts  or  scoriaceous  matter,  but  quartz  granules 
mixed  with  micaceous  laminae,  and  many  small  crystalline  prisms  of 
black  Augite,  such  as  often  occurs  in  volcanic  tufa ;  no  trace  of  Spon- 
glolites  or  Polygastric  Infuaoris^  and  nothing  to  indicate  the  vicinity 
of  the  sea,  but  on  the  contrary  many  remains  of  Dicotyledonous  plants 
and  grasses,  and  sporangia  of  lichens,  reminding  one  of  the  consti- 
tuents  of  the  Moya  of  Pelileo.  Whilst  C.  Sainte-Claire,  Deville,  and 
George  Bomemann,  in  their  beautiful  analyses  of  the  Macalube  di 
Terrapilata,  found  0.99  of  carburetted  hydrogen  in  the  gas  emitted,  the 
gas  which  rises  in  the  Agua  Santa  di  Limosina,  near  Catanea,  gave 
them,  like  Turbaco  formerly,  0.98  of  nitrogen,  without  a  trace  of 
oxygen  {Compta  rendus  de  I' Acad,  des  Sciences,  t.  xliii,  1856,  pp.s361 
and  866).  ^ 
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to  (from  Parrot's  Keports),  tliat  "the  gas  of  the  mud- 
volcanoes  of  the  peninsula  of  Taman  in  1811  had  the 
property  of  preventing  combustion,  as  a  glowing  chip  was 
extinguished  in  the  gas,  and  even  the  ascending  bubbles,  a 
foot  in  diameter,  could  not  be  ignited  at  the  moment  of 
their  bursting,"  whilst  in  1834,  Gobel  saw  readily  inflam- 
mable gas  burning  with  a  bluish  flame  at  the  same  place, — 
leads  me  to  believe  that  the  emanations  undergo  chemical 
changes  in  different  stages.  Very  recently  Mitscherlich  has, 
at  my  request,  determined  the  limits  of  inflammability  of 
artificially  prepared  mixtures  of  nitrogen  and  hydrogen 
gases.  It  appeared  that  mixtures  of  1  part  of  hydrogen 
gas  and  3  paxts  of  nitrogen  gas,  not  only  took  fire  from  a 
light,  but  also  continued  to  burn.  When  the  quantity  of 
nitrogen  gas  was  increased,  so  that  the  mixture  consisted  of 
1  part  of  liydrogen  and  3^  parts  of  nitrogen,  it  was  still 
inflammable,  but  did  not  continue  burning.  It  was  only 
with  a  mixture  of  1  part  of  hydrogen  and  4  parts  of  nitrogen 
gas  that  no  ignition  too  place.  The  gaseous  emanations,  which 
from  their  ready  inflammability  and  the  colour  of  their 
flame  are  usually  called  emanations  of  pure  and  carburetted 
hydrogen,  need  therefore  consist  quantitatively  only  of  one- 
third  part  of  one  of  the  last-mentioned  gases.  With  mix- 
tures of  carbonic  acid  and  hydrogen,  which  occur  more 
rarely,  the  limits  of  inflammability  prove  different  again, 
on  account  of  the  capacity  for  heat  of  the  former.  Acosta 
justly  suggests  the  question : — "  Whether  a  tradition  dis- 
seminated amongst  the  inhabitants  of  Turbaco,  descendants 
of  the  Indios  de  T^vuaco,  according  to  which  the  Volcancitos 
formerly  all  burnt,  and  were  converted  from  Volcanes  de 
fuego  into  Volcrr^s  de  agua,  by  being  exorcised  and  sprinkled 
with  holywater  by  a  pious  monk''*,  may  not  refer  to  a  con- 
dition which  has  now  returned  ?"  Single  great  eruptions  of 
flames  from  mud  volcanoes,  which  both  before  and  since 
have  been  very  inactive  (Taman,  1793;  on  the  Caspian 
Sea,  near  Jokmali,  1827 ;  and  near  Baklichli,  1839 ;  near 

^  Humboldt,  Vues  des  CordiUireset  Monvments  despewples  indigenes 
de  VAmSrique,  pi.  xli,  p.  239.  The  beautiful  drawing  of  the  Volcancitos 
de  Turbaco,  from  which  the  copperplate  was  engraved,  was  made  by  my 
young  fellow-traveller,  Louis  de  Rieux.  Upon  the  old  Taruaco  in  the 
£r3t  period  of  the  Spanish  Conq^uista,  see  Herrera,  Dec.  i,  p.  251* 
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Kuscbtscliy,  1846,  also  in  the  Caucasus),  present  analogous 
examples. 

The  apparently  unimportant  phenomenon  of  the  salses 
of  Turbaco,  has  gained  in  geological  interest  by  the  ter- 
rible eruption  of  flame,  and  the  terrestrial  clianges  which 
occurred  in  1839,  more  than  32  geographical  miles  to  the 
N.N.E.  of  Cartagena  de  Indias,  between  this  harbour  and 
that  of  Sabanilla,  not  far  from  the  mouth  of  the  great 
Magdalena  riyer.  The  true  central  point  of  the  phenomenon 
was  the  Cape  Galera  Zamba,  which  projects  6 — 8  geo- 
graphical miles  into  the  sea,  in  the  form  of  a  narrow  penin- 
sula. For  the  knowledge  of  this  phenomenon  we  are  also 
indebted  to  Colonel  Acosta,  of  whom  science  has  unfor- 
tunately been  deprived  by  an  early  death.  In  the 
middle  of  the  tongue  of  land  there  stood  a  conical  hiU, 
from  the  crater  of  which  smoke  (vapours)  and  gases  some- 
times poured  forth  with  such  violence  that  boards  and 
large  pieces  of  wood  which  were  thrown  into  it  were  cast 
back  again  to  a  great  distance.  In  the  year  1839  the 
cone  disappeared  during  a  considerable  eruption  of  fire,  and 
the  entire  peninsula  of  G-alera  Zamba  became  an  island, 
separated  from  the  continent  by  a  channel  of  30  feet  in 
depth.  The  surface  of  the  sea  continued  in  this  peaceful 
state  until  on  the  7th  of  October,  1848,  at  the  place  of 
the  previous  breach,  a  second  terrible  eruption  of  flames'' 
appeared,  without  any  perceptible  earthquake  in  the 
vicinity,  lasted  for  several  days,  and  was  visible  at  a 
distance  of  from  40  to  50  miles.  The  salse  only  emitted  gases, 
but  no  solid  matters.  When  the  flames  had  disappeared 
the  sea-bottom  was  found  to  be  raised  into  a  small 
sandy  islet,  which  however  soon  disappeared  again.  More 
than  50  volcancitos  (cones  similar  to  those  of  Turbaco) 
now  surround  the  submarine  gas  volcano  of  Gralera  Zamba, 
to  a  distance  of  from  18  to  23  miles.  In  a  geological  point  of 
view  we  may  certainly  regard  this  as  the  principal  seat  of 
the  volcanic  activity  which  strives  to  place  itself  in  contact 
with  the  atmosphere,  over  the  whole  of  the  low  country 
from  Turbaco  to  beyond  the  delta  of  the  Bio  Grande  de  la 
Magdalena. 

^  Lettre  d©  M.  Joaqxiin  Acosta  h.  Bf.  Elie  de  Beaumont,  in  the 
Comptes  rendus  de  VAcad,  des  Sciences,  t.  xxix,  1849,  pp.  530 — 534. 


BAJJSES,  219 

The  unifonnity  of  the  phenomena  which  are  presented  in 
the  yarious  staglss  of  their  actiyitj,  by  the  sa^  mad  vol. 
canoes,  and  gas-springs  on  the  Italian  peninsula,  in  the 
Caucasus  and  in  South  America^  is  manifested  in  enormous 
tracts  of  land  in  the  Chinese  empire.  The  art  of  man  has 
there  from  the  most  ancient  periods  known  how  to  make  use 
of  this  treasmre ;  nay,  even  led  to  the  ingenious  discovery  of 
the  Chinese  rope-boring,  which  has  only  of  late  become 
known  to  Europeans.  Borings  of  several  thousand  feet  in 
depth  are  produced  by  the  most  simple  application  of  human 
strength,  or  rather  of  the  weight  of  man.  I  have  elsewhere  '* 
treated  in  detail  of  this  discovery,  and  also  of  the  ''fire 
springs,"  Ho-Uing,  and  ''fiery  mountains,"  Hoschan,  of 
Eastern  Asia.  They  bore  for  water,  brine-springs,  and  in- 
flammable gas,  from  the  south-western  provinces,  Fun-nan, 
Kuang-si,  and  Szu-tschuan  on  the  borders  of  Thibet,  to  the 
northern  province  Schan-si.  When  it  has  a  reddish  flame, 
the  gas  often  difluses  a  bituminous  odour ;  it  is  transferred 
partly  in  portable  and  partly  in  lying  bamboo-tubes  to  re- 
mote places,  for  use  in  salt-boiling,  for  heating  the  houses,  or 
for  lighting  the  streets.  In  some  rare  cases  supply  of 
carburetted  hydrogen  gas  has  been  suddenly  exhausted,  or 
stopped  by  earthquakes.  Thus  we  know  that  a  celebrated 
Ho- 1 sing y  situated  to  the  south-west  of  the  town  of  KJiiung- 
tscheu  (latitude  50''  27,'  longitude  101^  6'  East),  which  was 
a  salt  spring  burning  with  noise,  was  extinguished  in  the 
thirteenth  century,  afber  it  had  illuminated  the  neighbour- 
hood from  the  second  century  of  our  era.  In  the  province 
of  Schan-si,  which  is  so  rich  in  coal,  there  are  some  ignited 
carbonaceous  strata.  Fieiy  mountains  {Ho-schan)  are  distri- 
buted over  a  great  part  of  China.  The  flames  often  rise  to  a 
great  height,  for  example,  in  the  mass  of  rock  of  the  Py-kia- 

7^  Humboldt,  AsU  Centrdle,  t.  ii,  pp.  519 — 640;  principally  from 
extracts  from  Chinese  works  by  ElaproUi  and  Stanislas  Jolien.  The  old 
Chinese  rope-boring,  which  was  repeatedly  employed,  and  sometimes 
with  advantage,  in  coal-pits  in  Belgium  and  Qermany  between  1830  and 
1842,  had  been  described  (as  Jobard  has  discovered)  as  eaxty  as  the 
17th  century,  in  the  Relation  of  the  Dutch  Ambassador,  Tan  Hoom, 
but  the  most  exact  account  of  this  method  of  boring  the  fire-springs 
{Ho-twmg)  is  given  by  the  French  missionary,  Imbert,  who  resided  so 
many  years  in  Kia-tmg-fu  (see  Annalu  de  la  Propa^aOkn  de  la  Foy^ 
1829,  pp.  369—381). 
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schan,  at  the  foot  of  a  mountain  covered  with  perpetual  snow 
(lat.  31°  40'),  from  long,  open,  inaccessible  fissures  :  a  pheno- 
menon which  reminds  us  of  the  perpetual  fire  of  the  Shag- 
dagh  mountain  in  the  Caucasus. 

On  the  Island  of  Java,  in  the  province  of  Samarang, 
at  a  distance  of  about  fourteen  miles  from  the  north  coast, 
there  are  salses  similar  to  those  of  Turbaco  and  Galera 
Zamba.  Very  variable  hills  of  25  to  30  feet  in  height, 
throw  out  mud,  salt-water,  and  a  singular  mixture  of 
hydrogen  gas  and  carbonic-acid " ;  a  phenomenon  which  is 
not  to  be  confounded  with  the  vast  and  destructive  streams 
of  mud  which  are  poured  forth  during  the  rare  eruptions  of 
the  true,  colossal  volcanoes  of  Java  (Qunwng  Kelut  and 
Chinv/ng  Idjen).  Some  mofette-grottoes  or  sources  of  car- 
bonic acid  in  Java  are  also  very  celebrated,  particularly  in 
consequence  of  exaggerations  in  the  statements  of  some 
travellers,  as  also  from  their  connexion  with  the  myth  of  the 
Upas  poison-tree,  already  mentioned  by  Sykes  and  Loudon. 
The  most  remarkable  of  the  six  has  been  scientifically  de- 
scribed by  Junghuhn,  the  so-called  Vale  of  death  of  the 
island  (Fakaraman)  in  the  mountain  Dieng,  near  Batur. 
It  is  a  fuimel-shaped  sinking  on  the  declivity  of  a  moun- 
tain, a  depression  in  which  the  stratum  of  carbonic  acid 
emitted  attains  a  very  different  height  at  different  seasons. 
Skeletons  of  wild  hogs,  tigers,  and  birds  are  often  found  in 
it."  The  poison-tree,  pohon  (or  better  pHhn)  4pas  of  the 
Malays  {Antiaris  toxicaria  of  the  traveller  Leschenault  de 

7*  According  to  Diard,  Aaie  Centrale,  t.  ii,  p.  515.  Besides  the  mud 
volcanoes  of  Damak  and  Surabaya,  there  are  upon  other  islands  of  the 
Indian  Archipelago  the  mud  volcanoes  of  Pulu-Semao,  Pulu-Kambing, 
and  Pulu-Koti ;  see  Junghuhn,  Java,  seine  OestaU  wad  PfiamendechSj 
1852,  Abth.  iii,  s.  830. 

78  Junghuhn,  Op,  cit,  Abth.  i,  s.  201,  and  Abth.  iii,  s.  854 — 868. 
The  weaker  suffocating  caves  on  Java  are  GuorUpaa  amd  QuorQalaai 
(the  first  word  is  the  Sanscrit,  gvhd,  cave).  As  there  can  certainly  be 
no  doubt  that  the  Grotto  del  Cane,  in  the  vicinity  of  the  Lago  di  Agnano 
is  the  same  that  Pliny  (ii,  cap.  93)  described  nearly  18  centuries  ago, 
"in  agro  Puteolano,"  as  "Charonea  scrobis  mortiferum  spiritum 
exhalans,"  we  must  certainly  share  in  the  surprise  felt  by  Scacchi 
(Memorie  geol*  atiUa  Campania,  1849,  p.  48),  that  in  a  loose  soil,  so 
often  moved  by  earthquakes,  so  small  a  phenomenon  (the  supply  of 
a  small  quantity  of  carbonic  acid)  can  have  remaiaed  unaltered  and  un- 
disturbed. 
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la  Tour);  "witli  its  harmless  exhalations,  has  nothing  to  do 
with  these  fiital  actions." 

I  conclude  this  section  on  the  salses  and  steam  and  gas 
springs,  with  the  description  of  an  eruption  of  hot  sulphu- 
rous vapours,  which  may  attract  the  interest  of  geognosists 
on  account  of  the  kind  of  rock  fi:om  which  they  are  evolved. 
During  my  delightful,  but  somewhat  fatiguing  passage  over 
the  central  Cordillera  of  Quindiu,  (it  took  me  14  or  15  days 
on  foot,  and  sleeping  constantly  in  the  open  air,  to  get  over 
the  mountain  crest  of  11,500  feet  from  the  valley  of  the  Kio 
Magdalena  into  the  Cauca  valley),  when  at  the  height  of 
6810  feet  I  visited  the  Azufral  to  the  west  of  the  station  el 
Moral,  In  a  mica-schisb  of  a  rather  dark  colour,  which,  re- 
posing upon  a  gneiss  containing  garnets,  surrounds,  with  the 
latter,  the  elevated  granite  domes  of  la  Ceja  and  la  Garita 
del  Paramo,  I  saw  hot  sulphurous  vapours  flowing  out  from 
the  clefts  of  the  rocks  in  a  narrow  valley  (Quebrada  del 
Azxifral).  As  they  are  mixed  with  sulphuretted  hydrogen 
gas  and  much  carbonic  acid,  a  stupeQring  dizziness  is  expe- 
rienced on  stooping  down  to  measure  the  temperature,  and 
remaining  long  in  their  vicinity.  The  temperature  of  the 
sulphurous  vapours  was  1 17°.  7 ;  that  of  the  air  69°  ;  and 
that  of  the  sidphurous  brook,  which  is  probably  cooled  in 
the  upper  parts  of  its  course  by  the  snow-^vaters  of  the 
volcano  of  Tolima,  84°.  6.  The  mica-schist,  which  contains 
some  pyrites,  is  permeated  by  numerous  fragments  of  sul- 
phur. The  sulphur  prepared  for  sale  is  principally  obtained 
from  an  ochre-yellow  loam,  mixed  with  native  sulphur  and 
weathered  mica-slate.  The  operatives  (Mestizoes)  suffer 
from  diseases  of  the  eyes  and  muscular  paralysis.  When 
Boussingault  visited  the  Azufral  de  Quindiu,  30  years  after 
me  (1831),  the  temperature  of  the  vapours  which  he  ana- 
lysed ^^  had  so  greatly  diminished,  as  to  fall  below  that  of  the 
open  air  (71°. 6),  namely  to  66° — 68°  The  same  excellent 
observer  saw  the  trachytic  rock  of  the  neighbouring  volcano 
of  Tolima,  breaking  through  the  mica-schist,  in  the  Quebrada 
de  Aguas  calientes  :  just  as  I  have  very  distinctly  seen  the 

77  Blume,  Ramphia  aive  Oomment.  hotaniccBf  t.  i  (1836),  pp.  47—69. 

^  Humboldt,  Easai  gioffnosttqtte  sur  le  giBement  des  Roches  dans  let 
deux  ffSmisph^res,  1823,  p.  76 ;  Boussingault,  in  the  Annates  de  Chvmie 
et  de  Physique,  t.  lii,  1833,  p.  11. 
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equally  eruptive,  black  trachyte  of  the  volcano  of  Tungu- 
ragua  covering  a  greenish  mica-schist  containing  garnet  near 
the  rope-bridge  of  Penipe.  As  sulphur  has  hitherto  been 
found  in  Europe,  not  in  the  primitive  rocks  aa  they  were 
formerly  called,  but  only  in  the  tertiary  limestone,  in  gypsum, 
in  conglomerates  and  in  true  volcanic  rocks,  its  occurrence 
in  the  Azu&al  de  Quindiu  (4^°  N.  lat.)  is  the  more  remark- 
able, as  it  is  repeated  to  the  south  of  the  equator  between 
Quito  and  Ouenca,  on  the  northern  slope  of  the  Paramo  del 
Assuay.  In  the  Azufral  of  the  Cerro  Cuello  (2°  13'  S.  lat.), 
again  in  mica-schist,  at  an  elevation  of  7980  feet,  I  met 
with  a  vast  bed  of  quai-tz,'»  in  which  the  sulphur  is  dissemi- 
nated  abundantly  in  scattered  masses.  At  the  time  of  my 
journey  the  fragments  of  sulphur  measured  only  6—8  inches, 
but  they  were  formerly  found  of  as  much  as  3 — 4  feet  in 
diameter.  Even  a  naphtha  spring  rises  visibly  from  mica- 
schist  in  the  sea^bottom  in  the  gulf  of  Cariaco  near  Cumana. 
There  the  naphtha  gives  a  yellow  colour  to  the  surface  of  the 
sea  to  a  distance  of  more  than  a  thousand  feet,  and  I  found 
that  its  odour  was  diffiised  as  far  as  the  interior  of  the  pen- 
insula of  Aiaya.^ 

^  With  regard  to  the  elevation  of  JUausi  (near  Ticsan)  on  the  Cerro 
Cuello,  see  the  "  Nivellement  barom^trique.  No.  206/'  in  my  Ohserv, 
Astron,  vol.  i,  p.  311. 

80  **  The  existence  of  a  naphtha  spring  issuing  at  the  bottom  of  the  sea 
from  a  mica-schist,  rich  in  garnets,  And  difiusing,  according  to  the  ex- 
pression  of  the  historian  of  the  ConqwUta,  Oviedo,  a  "  resinous,  aromatic, 
and  medicinal  liquid/'  is  an  extremely  remarkable  fact.  All  those 
hitherto  known  belong  to  secondary  mountains ;  and  this  mode  of  stra- 
tification appeared  to  favour  the  idea  that  all  the  mineral  bitumens  (Hat- 
chett,  Transact.  Idnncean  Society,  1798,  p.  129)  were  due  to  the  destruc- 
tion of  vegetable  and  animal  matters,  or  to  the  ignition  of  coal.  The 
phenomenon  of  the  Qulf  of  Cariaoo  acquires  fresh  importance,  if  we 
bear  in  mind  that  the  same  so*called  primitive  stratum  contams  subter- 
ranean fires,  that  the  odour  of  petroleum  is  experienced  from  time  to 
time  at  the  edge  of  ignited  craters  (for  example,  in  the  eruption  of 
Vesuvius  in  1805,  when  the  volcano  threw  up  scorise),  and  that  most  of 
the  very  hot  springs  of  South  America  issue  from  granite  (las  Trin- 
cheras,  near  Portocabello),  gneiss  and  micaceous  schist.  More  to  the 
eastward  of  the  meridian  of  Cumana,  in  descending  from  the  Sierra  de 
Meapire,  we  first  came  to  the  hollow  ground  (tierra  hueca),  which, 
during  the  great  earthquakes  of  1766,  threw  up  asphalte  enveloped  in 
viscous  petroleum ;  and  afterwards,  beyond  this  ground,  to  an  infinity 
of  hydrosulphurous  hot  springs  (Humboldt,  JRdation  Sistorigw,  t«  i, 
pp.  136,  844,  347,  and  447). 
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If  we  now  cast  a  last  glance  at  the  kind  of  volcanic 
activity  which  manifests  itself  by  the  production  of  vapours 
and  gases,  either  with  or  without  phenomena  of  combustion, 
we  £nd  sometimes  a  great  affinity,  and  sometimes  a  remark- 
able difference  in  the  matters  escaping  from  fissures  of  the 
earth,  according  as  the  high  temperattire  of  the  interior, 
modifying  the  action  of  the  affinities,  has  acted  upon  homo- 
geneous or  very  composite  materials.  The  matters  which 
are  driven  to  the  surface  by  this  low  degree  of  volcanic 
activity,  are : — aqueous  vapour  in  great  quantity,  chloride  of 
sodium,  sulphur,  carburetted  and  sulphuretted  hydrogen, 
carbonic  acid  and  nitrogen ;  naphtha  (colourless  or  yellowish, 
or  in  the  form  of  brown  petroleum) ;  boraeio  acid  and  alu- 
mina from  the  mud  volcanoes.  The  great  diversity  of  these 
matters,  of  which,  however,  some  (common  salt,  sulphuretted 
hydrogen  gas,  and  petroleum),  are  almost  always  associated 
together,  shows  the  unsuitableness  of  the  denomination 
9id8es,  which  originated  in  Italy,  where  Spallanzani  had  the 
great  merit  of  having  been  the  first  to  direct  the  attention 
of  geognosists  to  this  phenomenon,  which  had  been  long 
regarded  as  so  unimportant,  in  the  territory  of  Modena.  The 
name  vapour  and  gas  spri/ngs,  is  a  better  expression  of  the 
general  idea.  K  many  of  them,  such  as  the  Fumaroles, 
tmdoubtedly  stand  in  relation  to  extinct  volcanoes,  and  are 
even,  as  sources  of  carbonic  acid,  peculiarly  characteristic  of  a 
last  stage  of  such  volcanoes ;  others,  on  the  contrary,  appear 
to  be  qidte  independent  of  the  true  fiery  mountains  which 
vomit  forth  fused  earths.  Then,  as  Abichhas  already  shown 
in  the  Caucasus,  they  foUow  definite  directions  in  large  tracts 
of  country,  breaking  out  of  fissures  in  rocks,  both  in  the  plains, 
even  in  the  deep  basin  of  the  Caspian  Sea,  and  in  moun- 
tain elevations  of  nearly  8500  feet.  Like  the  true  volcanoes, 
they  sometimes  suddeidy  augment  their  apparently  dor- 
mant activity  by  the  eruption  of  colxunns  of  fire,  which 
spread  terror  all  around.  In  both  continents,  in  regions 
widely  separated,  they  exhibit  the  same  conditions  following 
one  upon  the  other ;  but  no  observation  has  hitherto  justified 
ms  in  supposing  that  they  are  the  forerunners  of  the  forma- 
tion of  true  volcanoes  vomiting  lava  and  cinders.  Their 
activity  is  of  another  kind,  perhaps  origiiwiting  at  a  smaUer 
depth,  and  caused  by  different  chemical  processes. 
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d.  Volcanoes^  according  to  the  difference  of  tJieir  formation 
and  activity. — Action  hy  fissures  and  cauldron-like  depress 
sions, — Circumvallation  of  the  craters  of  elevation, — Vol- 
canic conical  and  helUshttped  Mountains,  vnth  open  or 
closed  summits, — Difference  of  the  Hocks  through  which 
Volcanoes  act, 

(Amplification  of  the  Eepresentation  of  Nature : 
Cosmos,  voL  i.,  pp.  225 — 247.) 

Amongst  the  various  specific  manifestations  of  force  in 
the  reaction  of  the  interior  of  our  planet  upon  its  uppermost 
strata,  the  mightiest  is  that  presented  by  the  true  Volcanoes : 
— ^that  is  to  say,  those  openings  through  which,  besides 
gases,  solid  masses  of  various  materials  are  forced  up  from 
unmeasured  depths  to  the  surface,  either  in  a  state  of  igneous 
fusion,  as  lava  streams,  or  in  the  form  of  cinders,  or  as  pro- 
ducts of  the  finest  trituration  (ashes).  If  we  regard  the 
words  volcano  and  fiery  mountain  as  synonymous,  in  accoini- 
ance  with  the  old  usage  of  speech,  we  thus,  according  to  a 
preconceived  and  very  generally  difiused  opinion,  attach  to 
the  idea  of  volcanic  phenomena,  the  picture  of  an  isolated 
conical  mountain,  with  a  circular  or  oval  orifice  at  the 
summit.  Such  views,  however,  lose  their  universality  when 
the  observer  has  the  opportunity  of  wandering  through 
connected  volcanic  districts,  occupying  a  surface  of  many 
thousand  square  geographical  miles ;  for  example,  the  entire 
central  part  of  the  highlands  of  Mexico,  between  the  Peak 
of  Orizaba,  Jorullo,  and  the  shores  of  the  South  Sea;  or 
Central  America ;  or  the  Cordilleras  of  New  Granada  and 
Quito,  between  the  Volcano  of  Purac6,  near  Popayan,  that 
of  Pasto  and  Chimborazo ;  or  the  isthmian  chain  of  the 
Caucasus,  between  the  Kasbegk,  Elburuz  and  Ararat.  In 
lower  Italy,  between  the  Phlegraean  Fields  of  the  mainland 
of  Campania,  Sicily,  and  the  islands  of  Lipari  and  Ponza,  as 
also  in  the  Greek  Islands,  part  of  the  intervening  land  has 
not  been  elevated  with  the  volcanoes,  and  part  of  it  has 
been  swallowed"  by  the  sea. 

In  the  above-mentioned  great  districts  of  America  and 
the  Caucsisus,  masses  of  eruptions — (true  Trachytes^  and  not 
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traclijtic  conglomerates;  streams  of  obsidian;  quarried 
blocks  of  pumice-stone,  and  not  pumice  boulders  trans- 
ported and  deposited  by  "water) — make  their  appearance, 
seeming  to  be  quite  independent  of  the  mountains,  wliich 
only  rise  at  a  considerable  distance.  Why  should  not  the 
surface  have  been  split  in  many  directions  during  the  pro- 
gressive refrigeration  of  the  upper  strata  of  the  earth  by 
radiation  of  heat,  before  the  elevation  of  isolated  mountains 
or  mountain  chains  had  yet  taken  place  ?  Why  should  not 
these  fissures  have  emitted  masses  in'  a  state  of  igneous 
fusion,  which  have  hardened  into  rocks  and  eruptive  stones 
(trachyte,  dolerite,  melaphyre,  margarite,  obsidian,  and  pu- 
mice) p  A  portion  of  these  trachytic  or  dolerltic  strata  which 
have  broken  out  in  a  viscid  fluid  state,  as  if  from  earth- 
springs,*^  and  which  were  originally  deposited  in  a  horizontal 
position,  have,  during  the  subsequent  elevation  of  volcanio 
cones  and  bell-shaped  mountains,  been  tilted  into  a  position 
which  by  no  means  belongs  to  the  more  recent  lavas,  pro- 
duced from  igneous  mountains.  Thus,  to  advert  in  the  first 
place  to  a  very  well-known  European  example,  in  the  Val 
del  Bove  on  Etna  (a  depression  which  cuts  deeply  into  the 
interior  of  the  mountain)  the  declination  of  the  strata  of 
lava,  which  alternate  very  regularly  with  masses  of  boulders,  is 
25°  to  30°,  whilst,  according  to  Elie  de  Beaumont's  exact 
determinations,  the  lava  streams  which  cover  the  surface  of 
Etna,  and  which  have  only  flowed  from  it  since  its  elevation 
in  the  form  of  a  mountain,  only  exhibit  a  declination  of  3*^ 
to  5°  on  an  average  of  30  streams.  These  conditions  indi- 
cate the  existence  of  very  ancient  volcanic  formations^ 
which  have  broken  out  from,  fissures,  before  the  production 
of  the  volcano  as  an  igneous  mountain.  A  remarkable  pheno- 
menon of  this  kind  is  also  presented  to  us  by  antiquity ;  a 
phenomenon  which  manifested  itself  on  Eubcea,  the  modem 
Kegropont,  in  an  extended  plain,  situated  at  a  distance 
from  all  active  'and  extinct  volcanoes.  "  The  violent  earth- 
quakes, which  partially  shook  the  island,  did  not  cease  until 
vniEibyss,  which  had  opened  on  the  plain  of  Lelantus,  threw 
up,  a  stream  of  glowing  mud  (lava)."" 

*i  Catmos,  YoL  i,  p.  229. 

*>  Strabo  i,  p.  58,  ed.  Caaaub.  The  epithet  ii&irupoQ,  proyes  that  in 

tius  case  mud-Tolcanoes  are  not  spoken  of.    Where  Plato,  in  hiB  geog- 

VOL.  v.  9 
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If  the  oldest  formations  of  eruptive  rock  (often  perfectly 
similar  to  the  more  recent  layas  in  its  composition),  which 
also  in  part  occupy  veins,  are  to  be  ascribed  to  a  previous 
fissure  of  the  deeply  shaken  crust  of  the  earth,  as  I  have 
long  been  inclined  to  think,  both  these  fissures,  and  the  less 
simple  craters  of  elevation  subsequently  produced,  must  be 
regarded  only  as  volcanic  eruptive  orifices,  not  as  volcanoes 
themselves.  The  principal  character  of  these  last  consists 
in  a  connexion  of  the  deep-seated  focus  with  the  atmosphere, 
which  is  either  permanent,  or  at  least  renewed  from  time  to 
time.  For  this  purpose  the  volcano  requires  a  peculiar  frame- 
work ;  for,  as  Seneca  *  says  very  appropriately,  in  a  letter  to 
Lucilius,  ^' ignis  in  ipso  monte  non  alimentum  habet,  sed 
viam.*'  The  volcanic  activity  exerts,  therefore,  a  formative 
action  by  elevating  the  soil ;  and  not,  as  was  at  one  time  uni- 
versally and  exclusively  simposed,  a  building  action  by  the  ac- 
cumulation of  cinders,  and  new  strata  of  lava,  superposed  one 
upon  the  other.  The  resistance  experienced  in  the  canal  of 
eruption,  by  the  masses  in  a  state  of  igneous  fluidity  when 
forced  in  excessive  quantities  towards  the  surface,  gives  rise  to 
the  increase  in  the  heaving  force.  A  "  vesicular  inflation  of 
the  soil ''  is  produced,  as  is  indicated  by  the  regular  outward 
declination  of  the  elevated  strata.  A  mine-like  explosion, 
the  bursting  of  the  central  and  highest  part  of  the  convex 
inflation  of  the  soil  gives  origin  sometimes  only  to  what 
Leopold  von  Buch  has  called  a  crater  of  elevation^  that  is 

nostic  phantasies,  alludes  to  these,  mizisg  mythical  matter  with  ob- 
served facts,  he  says  distinctly  (in  opposition  to  the  phenomenon  de- 
scrihed  by  Strabo)  vypov  ftr\Kov  TrerafioL  Upon  the  denominations 
irifXo;  and  pOa^,  as  volcanic  emissions,  I  have  treated  on  a  former 
oocasion  (Cotmos,  vol.  i,  p.  236),  and  I  shall  only  advert  here  to 
another  passage  In  Strabo  (vi,  p.  269),  in  which  hardening  lava, 
called  9ri}X6c  ftcXajp,  is  most  distinctly  characterised.  In  the  description 
of  Etna  we  find : — "  The  red-hot  stream  {pval)  in  the  act  of  solidifica- 
tion converts  the  surface  of  the  earth  into  stone  to  a  conslderal:^ 
depth,  so  that  whoever  wishes  to  uncover  it  must  undertake  the  labour 
of  quarrying.  For,  as  in  the  craters,  the  stone  is  molten  and  then  up- 
heaved, the  flrnd  streannng  from  the  summit  is  a  black  excrement!- 
tious  mass  {vtiXoq)  falling  down  the  mountain,  which,  afterwards  har- 
dening, becomes  a  millstone,  and  retains  the  same  eolom:  that  it  had 
before." 

^  Cosmos,  YoL  i,  p.  288. 

^  Iieopold  von  Buch,  On  BcLsaUic  ItUmds  and  Oraiert  of  Elevation^ 
in  theAbhandl  der  kOnig.  AJead,  der  Wise,  zu Berlin,  1818—1819,  s.  51; 
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to  say,  a  Gtater-like,  round  or  oval  depression,  bounded  by  a 
circle  of  elevation,  a  ring-sbaped  wall,  usually  broken  down 
in  places ;  sometimes  (when  the  framework  of  a  perma* 
nent  volcano  is  to  be  completed),  to  aNdome-shaped  or 
conical  mountain  in  the  middle  of  the  crater  of  elevation. 
The  latter  is  then  generally  open  at  its  summit,  and  on  the 
bottom  of  this  opening  (the  crater  of  the  permanent  volcano) 
rise  transitozy  hills  of  eruption  and  hills  of  scoriae,  small  ana 
large  cones  of  ^*uption,  which,  in  Vesuvius,  sometimes  far  ex- 
ceed the  margins  of  the  crater  of  the  cone  of  elervation.  The 
signs  of  the  first  eruption,  the  old  framework,  are  not  however 
always  retained.  The  high  wall  of  rock  which  surroimds 
the  inner  circular  wall  (the  crater  of  elevation),  is  not  recog- 

and  Phygicalische  Beschreibung  der  cana/tifchen  Inaebi,  1825,  s.  213, 
262,  284,  318,  328,  and  341.  This  work,  which  constitutes  an  era  in 
the  profound  knowledge  of  volcanic  phenomena,  is  the  fruit  of  a  voyage 
to  Madeira  and  Tenenffe  from  the  beginning  of  April  to  the  end  of 
October,  1815 ;  but  Naumann  indicates  with  much  justice,  in  his  Lehr- 
Jmck  der  Geognode,  that  in  the  letters  written  in  1802  by  Leopold  von 
Buch,  from  Auvergne  {Geognostiwhe  Beohacht.  aufReisen  durch  DeiU$chr 
land  und  Italien,  Bd.  ii,  s.  282),  in  reference  to  the  description  of  Mont 
d*Or,  the  theory  of  craters  of  elevation  and  their  essential  difference 
from  the  true  volcanoes  was  already  expressed.  An  instructive  coun^ 
terpart  to  the  three  craters  of  elevation  of  the  Canary  Islands  (on  Gran 
Canaria,  Tenerifie,  and  PaJma)  is  furnished  by  the  Azores.  The  admir- 
able maps  of  Captain  Tidal,  for  the  publication  of  which  we  are  in- 
debted to  the  English  Admiralty,  elucidate  the  wonderful  geognostic 
construction  of  these  islands.  On  San  Michael  is  situated  the  enormous 
Caldeira  das  sete  Cidades.  which  was  formed  in  the  year  1444,  almost 
under  Cabral's  eyes,  a  crater  of  elevation  which  encloses  two  lakes,  the 
Lagoa  grande  and  the  Lagoa  azul,  at  a  height  of  876  feet.  The  Cal- 
deira de  Corvo,  of  which  the  dry  part  of  the  bottom  is  1279  feet  high, 
is  almost  of  the  same  circumference.  Nearly  three  times  this  height  are 
the  craters  of  elevation  of  Fayal  and  Terceira.  To  the  same  kind  of 
•ruptive  phenomena  belong  the  innumerable  but  ephemeral  platforms 
which  were  visible  only  by  day,  in  1691,  in  the  sea  around  the  island 
of  San  George,  and  in  1757  around  San  Michael.  The  periodical  inflation 
of  the  sea-bottom,  scarcely  four  miles  to  the  west  of  the  Caldeira  das 
sete  Cidades,  producing  a  larger  and  somewhat  more  permanent  island 
(Sabrina),  has  already  been  mentioned  {OoiTnot,  vol.  i,  p.  241). 
Upon  the  crater  of  elevation  of  Astruni,  In  the  Phlegrtean  plains, 
and  the  trachytic  mass  driven  up  in  its  oentre,  as  an  unopened  bell- 
shaped  hill,  see  Leopold  von  Buch,  in  Poggend.  AnncUen.  Bd.  xxxvii^ 
s.  171  and  182.  A  fine  crater  of  elevation  is  that  of  Bocca  Monfina. 
measured  and  figured  in  Abich's  Qeolog,  Beobaeht,  Hber  di$  vulkcm, 
Ersckein,  in  UrUer^nd  MiUel  ItaHen,  1841^  Bd.  i,  s.  IIS^  Taf.  ii. 
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nioable,  even  in  scattered  detritus,  on  many  of  the  largest 
and  most  active  volcanoes. 

It  is  a  great  merit  of  modem  times  not  only  to  have  more 
Accurately  investigated  the  peculiar  conditions  of  the  forma- 
tion of  volcanoes  by  a  careful  comparison  of  those  which  are 
Tiddely  separated  from  each  other,  but  also  to  have  intro- 
duced more  definite  expressions  into  language,  by  whieh  the 
heterogeneous  features  of  the  general  outline,  as  well  as 
the  manifestations  of  volcanic  activity  are  distinguished. 
If  we  are  not  decidedly  disinclined  to  all  classifioeiiionsf, 
because  in  the  endeavour  after  generalization  these  always 
rest  only  upon  imperfect  indications,  we  may  conoeive  the 
bursting  forth  of  fused  masses  and  solid  matter,  vapours  and 
gases,  in  four  different  ways.  Proceeding  from  tne  isimple 
to  the  complex  phenomena,  we  may  first  mention  eruptions 
from  Jlssures,  not  forming  separate  series  of  cones,  but  pro- 
ducing volcanic  rocks  superlying  each  other,  in  a  fused 
and  viscid  state ;  secondly,  eruptions  through  heaped  up 
cones,  without  any  circumvallation,  and  yet  emitting  streams 
of  lava,  as  was  the  case  for  five  years  during  the  destruction 
of  the  Island  of  Lancerote,  in  the  first  half  of  the  last 
century ;  thirdly,  craters  of  elevation,  with  up-heaved  strata, 
but  without  central  cones,  emitting  streams  of  lava  only  on 
the  outside  of  the  circumvallation,  never  from  the  interior, 
which  is  soon  closed  up  with  detritus ;  fourthly,  closed  hell' 
jihaped  mountains  or  cones  of  elevation,  open  at  the  summit, 
either  enclosed  by  a  circular  wall,  which  is  at  least  partially 
retained, — as  on  the  Pic  of  Teneriffe,  in  Fogo,  and  Bocca 
Monfina;  or  entirely  without  circumvallation  or  crater  of 
elevation, — as  in  Iceland,^'  in  the  Cordilleras  of  Quito,  and 
the  central  parts  of  Mexico.  The  open  cones  of  elevation  of 
this  fourth  class  maintain  a  permanent  connection  between 
the  fiery  interior  of  the  earth  and  the  atmosphere,  which  is 
more  or  less  effective  at  undetermined  intervals  of  time. 
Of  the  dome-shaped  and  bell-shaped  trachytic  and  doleritic 
mountains  which  have  remained  closed  at  the  summit,  there 
appear,  according  to  my  observations,  to  be  more  than  of 
the  open  cones  whether  active  or  extinct,  and  far  more 
than  of  the  true  volcanoes.     Dome-shaped  and  bell-shaped 

^  Sartorius  von  Waltdrshausen,  PhytUch-geographiiche  Shmc  V(m 
Tdand,  1847,  8. 107. 
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mountains^  such  as  Chimborazo^  Fuy  de  D6me^  Sarcoa7, 
Bocca  Monfina  and  Vultur,  give  the  landscape  a  peculiar 
cbaracter,  by  vhich  they  contrast  pleasingly  with  the  schis- 
tose peaks,  or  the  serrated  forms  of  limestone. 

In  the  tradition  preserved  to  ns  so  picturesquely  by  Ovid 
regarding  the  great  volcanic  phenomenon  of  the  peninsula  of 
Methone,  the  production  of  such  a  bell-shaped  and  unopened 
mountain  is  indicated  with  methodical  clearness.  ^'The 
force  of  the  winds  imprisoned  in  dark  caves  of  the  earth, 
and  seeking  in  vain  for  an  opening,  drive  up  the  heaving 
soil  {eatentixm  tumefecit  humum),  as  when  one  fills  a  bladder 
or  leather  bag  with  air.  By  gradual  hardening,  the  higii 
projecting  eminence  has  retained  the  form  of  a  hill."  I  have 
already  elsewhere  adverted  to  the  ieuGi  of  how  completely 
different  this  Homan  representation  is  from  Aristotle's 
narration  of  the  volcanic  phenomenon  upon  EEiera,  a  newly 
formed  AeoUc  (Liparian)  Island,  in  which  ''the  subterra- 
nean, mightily  urging  blast  does  indeed  also  raise  a  hill, 
but  afterwards  breaks  it  up  to  pour  forth  a  fiery  shower 
of  ashes.*'  The  elevation  is  here  clearly  represented  as 
preceding  the  eruption  of  flame  (Cosmos,  vol.  i,  p.  240). 
According  to  Strabo,  the  elevated  dome-like  hill  of  Metbana 
had  also  opened  in  fiery  eruptions,  at  the  close  of  which  an 
agreeable  odour  was  diffused  in  the  night  time.  It  is  very 
remarkable  that  the  latter  was  observed  under  exactly 
similar  circumstances  during  the  volcanic  eruption  of  San- 
torin,  in  the  autumn  of  1650,  and  was  denominated  ''a 
consoling  sign,  that  God  would  not  yet  destroy  his  flock," 
in  the  penitential  sermon  delivered  and  written  shortly  after- 
wards by  a  monk.**     Does  not  this  pleasant  odour  afford 

^  It  has  been  a  much  disputed  pointy  to  what  particular  locality-  of 
the  plain  of  Troezen,  or  the  peninsula  of  Methana,  the  description  of 
the  Roman  poet  may  refer.  My  friend,  Ludwig  Ross,  the  great  Greek 
antiquarian  and  chorograph,  who  has  had  the  advanieige  of  many  tra- 
velfl^  thinks  that  the  immediate  vicinity  of  Troezen  presents  no  locality 
which  can  be  referred  to  as  the  bladder-like  hills,  and  that,  by  a  poetic 
license,  Ovid  has  removed  the  phenomenon  described  with  such  truth 
to  nature,  to  the  plain.  **  To  tiie  south  of  the  peninsula  of  Methana, 
and  east  of  the  phun  of  Troezen,"  writes  Ross,  "  lies  the  island  Calauria, 
well  known  as  ihe  place  where  Demosthenes,  being  pressed  by  the 
Macedonians,  took  poison  in  the  temple  of  Neptune.  A  narrow  arm  of 
the  sea  separates  the  limestone  rocks  of  Calauria  from  the  coast ;  from 
this  arm  of  the  sea  (passage,  irdpo^)  the  town  and  island  take  their  present 
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indications  of  naphtha  ?  The  same  thing  is  also  referred  to 
by  Kotzebue,  in  nis  Russian  voyage  of  discovery,  in  connec- 
tion with  an  igneons  eruption  (1804)  of  the  volcanic  island  of 
Umnack,  newly  elevated  from  the  sea  in  the  Aleutian  Archi- 
pelago. During  the  great  eruption  of  Vesuvius,  on  the  12th 
August,  1805,  which  I  observed  in  company  with  Gay- 
Lussac,  the  latter  found  a  bituminous  odour  prevailing  at 
times  in  the  ignited  crater.  I  bring  together  these  little- 
noticed  facts,  because  they  contribute  to  confirm  the  close 
concatenation  of  all  manifestations  of  volcanio  activity,  the 
intimate  connection  of  the  weak  salses  and  naphtha  springs 
with  the  true  volcanoes. 

Oircumvallations,  analogous  to  those  of  the  craters  of  ele- 
vation, also  present  themselves  in  rocks  which  are  very 
different  from  trachyte,  basalt  and  porphyritic  schists,  for 
example  according  to  Elie  de  Beaumont's  acute  observation, 
in  the  granite  of  the  French  Alps.  The  mountain  mass  of 
Oisans,   to  which  the  highest "  summit   of  France,   Mont 

name.  In  the  middle  of  the  strait,  united  with  Calauria  by  a  low  cause- 
way, probably  of  artificial  origin,  lies  a  small  conical  islet,  comparable 
in  form  to  an  egg  cut  through  the  middle.  It  ifi  volcanic  throughout, 
consisting  of  greyish  yellow  and  yellowish  red  trachyte,  mixed  with 
eruptions  of  lava  and  acoriee,  and  is  aJmost  entirely  destitute  of  vege- 
tation. Upon  this  islet  stands  the  present  town  of  Poros,  on  the  place 
of  the  ancient  Calauria.  The  formation  of  t±ie  islet  is  exactly  similar 
to  that  of  the  more  z«cent  volcanic  islands  in  the  Bay  of  Thera  (Santo- 
rino).  In  his  animated  description,  Ovid  has  probably  followed  a 
Qreek  original  or  an  old  tradition"*  (Ludw.  Ross,  in  a  letter  to  me  dated 
Kovember,  1845).  As  a  member  of  the  French  scientific  expedition, 
Yirlet  has  set  up  the  opinion  that  the  volcanic  upheaval  may  have  been 
only  a  subsequent  increase  of  the  trachytic  mass  of  the  peninsula  of 
Methana.  This  increase  occurs  in  the  north-west  extremity  of  the 
peninsula,  where  the  black  burnt  rock,  called  Eammeni-petra,  resem- 
bling the  ELammeni,  near  Santorin,  betrays  a  more  recent  origin.  Pau- 
sanias  communicates  the  tradition  of  the  inhabitants  of  Methana,  that, 
on  the  north  coast,  before  the  now  celebrated  sulphurous  epriugs  burst 
forth,  fire  rose  out  of  the  earth  (see  Curtius,  Pdoponnesos,  Bd,  1,  s.  42 
and  46).  On  the  "indescribable  pleasant  odour"  which  followed  the 
stinking  sulphurous  odour,  near  Santorino  (Sept.  1650),  see  Boss, 
Eeisen  amf  de»  griech,  Insdn  dea  agdischen  Meeres,  Bd.  i^  s.  196.  Upon 
the  odour  of  naphtha  in  the  fumes  of  the  lava  of  the  Aleutian  island 
Umnack,  which  appeared  in  1796,  see  Kotzebue's  ErUdeckungs-Beiset 
Bd.  ii,  B.  106>  and  Leopold  de  Buch,  J)e8cripti(m  phys,  des  lies  Canaries, 
p.  458. 

^  The  highest  summit  of  the  Pyrenees,  that  is,  the  Pic  de  Kethou 
(the  eastern  and  highest  peak  of  the  Maladetta  or  Malahita  group),  has 


MAABS<  231 

Pelvouz,  near  Brian^on,  (12,905  feet)  belongs,  forms  an  am- 
phitheatre  of  tliirty-two  geographical  miles  in  circamference, 
in  the  centre  of  which  is  situated  the  small  village  of  la 
B^rarde.  The  steep  walls  of  this  circular  space  rise  to  a  height 
of  more  than  9600  feet.  The  eureumyallation  itself  is  gneiss ; 
all  the  interior  is  graidte.^  In  the  Swiss  and  Savoy  Alps,  the 
same  formation  presents  itself  repeatedly  in  small  dimensions. 
The  Orand-JPlateau  of  Mont-Blanc,  in  which  Bravais  and 
Martins  encamped  for  several  days,  is  a  closed  amphir 
theatL*e  witk  a  nearly  flat  bottom  at  an  elevation  of  nearly 
12,BI1  feet;  &om  tne  midst  of  which  the  colossal  }iyramid 
of  the  summit  rises.^  The  same  upheaving  forces  produce 
similar  forms,  although  modified  by  the  composition  of  the 
different  rocks.  The  annular  and  cauldron-like  valleys  (val- 
leys of  elevation),  described  by  HofTman,  Buckland,  Mur- 
chison,  and  Thurmann,  in  the  sedimentary  rocks  of  the  north 
of  Grermany,  in  Herefordshire,  and  the  Jura  mountaius  of 
Porrentruy,  are  also  connected  with  the  phenomiena  here 
described,  as  well  as,  although  with  a  less  degree  of  ana- 
logy, some  elevated  plains  of  the  Cordilleiaa  enclosed-  on  all 
sides  by  mountain  masses,  in  which  are  situated  the  towns 
of  Caxamarca  (9362  feet),  Bogota  (8729  feefe),  and  Mexico 
(7469  feet),  and  in  the  Himalayas  ihe  cauldron-like  valley 
of  Casehmir  (5819  feet). 

Less  related  to  the  craters  of  elevation  than  to  the  above 
described  simplest  form  of  volcanic  activity  (the  action  from 
mere  fissures);  are  the  numerous  Maars  amongst  the  extinct 
volcanoes  of  the  Eifel;  caiildron-like  depressions  in  non- 
volcanic-rock  (Devonian  slate),  and  surrounded  by  slightly 
elevated  margins,  formed   by  themselves.     ''These  are  as 

been  twice  measured  trigonometrically ;  its  height,  according  to  Reboul, 
is  11,443  feet  (8481  metres),  and,  according  to  Coraboeuf,  11,167  feet 
(S404  metres).  It  is,  therefore,  1706  feet  lower  than  Mont  Pelvoux,  in 
the  French  Alps,  near  Brian^on.  The  next  in  height  to  the  Pic  de 
Hethoa  in  the  Pyrenees,  are  the  Pic  Posets  or  Erist,  and  of  the  group 
of  the  Marbor6,  the  Montperda,  and  the  CyUndre. 

^  Mimoirep&ur  servvr  d  la  IkscripHon  O^ohgiqm  de-  la  France,  t.  ii. 
p.  ZZ9.  Upon  **  valleys  of  elevation"  and  **  encircling  ridges'*  in  the 
Silurian  formation,  see  the  admirable  description  of  Sir  Boderick  Mur- 
chison  in  "  The  Silurian  Syatenif,'*  pt.  i,  pp.  427—442. 

^  Bravais  and  Martin8>  O^ierv.  faites  au  Sommet  et  au  Grand 
PkUea'Vk  du  Mow(-£kmc,  in  the  A'Mmaire  M4t4orol,  de  la  France  j^our 
1850,  p.  131, 
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it  were  the  funnels  of  mines,  indications  of  mine-like  erup* 
tions,"  resembling  the  remarkable  phenomenon  described  by 
me  of  the  human,  bones  scattered  upon  the  hill  of  la  Culca* 
during  the  earthquake  of  Riobamba  (4  February,  1797). 
When  single  Maars,  not  situated  at  any  great  height,  in  the 
Eifel,  in  Auvergne,  or  in  Java,  are  filled  with  water,  such 
former  craters  of  explosion  may  in  this  state  be  denominated 
crater es'laca ;^'hvLt  it  seems  to  me  that  this  term  should  not 
be  taken  as  a  synonymous  name  for  Maar,  as  small  lakes 
have  been  found  by  Abich  and  myself  on  the  summits  of  the 
highest  volcanoes,  on  true  cones  of  elevation  in  extinguished 
craters  :  for  example,  on  the  Mexican  volcano  of  Toluca  at 
an  elevation  of  12,246  feet,  and  on  the  Caucasian  Elburuz  at 
19,717  feet.  In  the  volcanoes  of  the  Eifel  we  must  carefully 
distinguish  from  each  other  two  kinds  of  volcanic  activity  of 
very  unequal  age, — the  true  volcanoes  emitting  streams  of 
lava ;  and  the  weaker  eruptive  phenomena  of  the  Lf aars. 
To  the  former  belong  the  basaltic  stream  of  lava^  rich  in 
olivine,  and  clefb  into  upright  columns,  in  the  vaUey  of 
Uesbach  near  Bertrich ;"  the  volcano  of  Gerolstein,  which 
is  seated  in  a  limestone  containing  dolomite,  deposited  in  the 
form  of  a  basin  in  the  Devonian  grauwacke  schists ;  and  the 
long  ridge  of  the  Mosenberg  (1753  feet  above  the  sea)  not 
far  from  Bettenfeld  to  the  west  of  Manderscheid.  The  last 
named  volcano  has  three  craters,  of  which  the  first  and  ^ 
iecond,  those  furthest  to  the  north,  are  perfectly  round,  and 
covered  with  peat  mosses ;  whilst  ifrom  the  third  and  most 

^  Cosmos,  vol.  V,  p.  173.  I  have  twice  visited  the  volcanoes 
of  the  Eifel,  when  geognosy  was  in  very  different  states  of  de- 
velopment, in  the  autumn  of  1794,  and  in  August,  1845 ;  the  first 
time  in  the  vicinity  of  the  lake  of  Laach  and  the  monastery  there^ 
which  was  then  still  inhabited  by  monks;  the  second  time,  in  the 
neighbourhood  of  Bertrich,  the  Mosenberg,  and  the  adjacent  Maars, 
bat  never  for  more  than  a  few  days.  As  in  the  latter  excursion  I  had 
the  good  fortune  to  be  able  to  accompany  my  intimate  friend,  the 
mining  surveyor.  Von  Dechen,  I  have  been  enabled  by  many  years*  cor- 
respondence, and  the  communication  of  important  manuscript  memoirs 
to  make  free  use  of  the  observations  of  this  acute  geognosist.  I  have 
often  indicated  by  quotation  marks,  as  is  my  wont,  what  I  have  bor- 
rowed, word  for  word,  from  his  communications. 

**  H.  von  Dechen,  Geognost.  Uebersicht  der  Umgegmd  von  Bad  Btf* 
trick,  1847,  s.  11—51. 
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souiliem  •*  crater,  there  flows  down  a  'vast,  reddish  brow», 
deep  stream  of  lava,  separated  into  a  columnar  form,  towards 
the  valley  of  the  little  Kyll.  It  is  a  remarkable  pheno- 
menon, foreign  to  lava-producing  volcanoes  in  general,  that 
neither  on  the  Mosenberg  nor  on  the  Gerplstein,  nor  in 
other  true  volcanoes  of  the  Eifel  are  the  lava-eruptions 
visibly  surrotmded  at  their  origin  by  a  trachytic  rock,  \mt, 
as  far  as  they  are  accessible  to  observation,  proceed  directly 
from  the  Devonian  strata.  The  surface  of  the  Mosenberg 
does  not  at  all  prove  what  is  hidden  in  its  depths.  The 
scorise  containing  augite,  which  by  cohesion  pass  into 
basaltic  streams,  contain  small,  calcined  fragments  of  slate, 
but  no  trace  of  enclosed  trachyte.  Kor  is  the  latter  to  be 
found  enclosed  in  the  crater  of  the  Rodderberg,  notwith- 
standing that  it  lies  in  the  immediate  vicinity  of  the  Sieben- 
gebirge,  the  greatest  trachytic  mass  of  the  Rhine  district. 

"The  Maars  appear,*'  &s  the  mining  surveyor  Von  Dechen  has 
ingeniously  observed,  "  to  belong  in  their  formation  to  about 
the  same  epoch  as  the  eruption  of  the  lava-streams  of  the 
true  volcanoes.  Both  are  situated  in  the  vicinity  of  deeply 
cut  valleys.  The  lava-producing  volcanoes  were  decidedly 
active  at  a  time  when  the  valleys  had  already  attained  very 
nearly  their  present  form  ;  and  we  also  see  the  mostNftncient 
lava-streams  of  this  district  pouring  down  into  the  valleys."" 
The  Maars  are  surrounded  by  fragments  of  Devonian  slates 
and  by  heaps  of  gray  sand  and  tufa-margins.  The  Laacher 
lake,  whether  it  be  regarded  as  a  large  Maar,  or,  with  my 
old  friend  C.  von  Oeynhausen,  as  part  of  a  large  cauldron- 
like valley  in  the  clay  slate  (like  the  basin  of  Wehr),  ex- 
hibits some  volcanic  eruptions  of  scori86  upon  the  ridge  sur- 
rounding it,  as  is  the  case  on  the  Krufter  Ofen,  the  Veitskopf 
and  Laacher  Kopf  It  is  not,  however,  merely  the  entire  want 
of  lava-streams,  such  as  are  to  be  observed  on  the  Canary 
IsLonds  upon  the  outer  margin  of  true  craters  of  elevation 
and  in  their  immediate  vicinity, — ^it  is  not  the  inconsiderable 

^  Stengel,  in  Ndgfferathf  das  Gebirge  von  Eheinland  und  Westplialen, 
Bd.  i,  s.  79,  Taf.  iii.  See  also  C.  von  Oeynhaueen's  admirable  explana- 
tions of  his  geognostic  Map  of  the  Lake  of  Laa^ck,  1847,  pp.  34,  39,  and 
42,  including  the  Eifel  and  the  basin  of  Neuwied.  Upon  the  Maars» 
see  Stdinioger,  Geognottiscke  Beschretbung  der  Eifel,  18«53,  s.  113.  Hip 
earliest  meritoriouB  work,  "  Die  erloschenen  Vulkane  in  der  Eifd  und 
am  Nieder-Rtiein"  beloDgs  to  the  year  1820, 
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^eyation  of  the  ridge  smrounding  the  Maar,  that  distin- 
guishes this  from  craters  of  eleyatioi^ ;  the  margins  of  the 
Maara  are  destitute  of  a  regular  stratification  of  the  rock, 
falling,  in  consequence  of  the  upheaval,  constantly  outwards. 
The  Maars  sunk  in  the  Devonian  slate,  appear^  as  has  already 
been  observed,  like  the  craters  of  mines,  into  irhich,  after 
the  violent  explosion  of  hot  gases  and  vapours,  the  looser 
ejected  masses  (BapilU),  have  for  the  most  part  feJlen 
back.  As  examples  I  shall  only  mention  here  the  Inimera- 
ther,  the  Fulvermaar,  and  theMeerfelder  Maar.  In  the  centre 
«f  the  first  mentioned,  the  dry  bottom  of  which,  at  a  depth 
of  two  hundred  feet,  is  cultivated,  are  situated  the  two 
villages  of  Ober-  and  Unter-Immerath.  Here,  in  the  vol- 
canic tufa  of  the  vicinity,  exactly  as  on  the  Laacher  lake, 
mixtures  of  felspar  and  augite  occur  in  spheroids,  in  which 
particles  of  black  and  green  glass  are  scattered.  Similar 
«]^eroids  of  mioa,  hornblende  and  augite,  full  of  vitrified 
portions  are  also  contained  in  the  tufa  veins  of  the  Fulver- 
maar near  Gillenfeld,  which,  however,  is  entirely  converted 
into  a  deep  lake.  The  regularly  circular  Meerfelder  Maar, 
covered  partly  with  water  and  partly  with  peat,  is  character- 
ised gec^ostically  by  the  proximity  of  the  three  craters  of 
the  groat  Mosenberg,  the  most  southern  of  which  has  fur- 
nished a  stream  of  lava.  The  Maar,  however,  is  situated 
639  feet  below  the  long  ridge  of  the  volcano,  and  at  its 
northern  extremity,  not  in  the  axis  of  the  series  of  craters, 
but  more  to  the  north-west.  The  average  elevation  of  the 
Maars  of  the  Eifel  above  the  surface  of  the  sea  falls  be- 
tween 922  feet  (Laacher  lake  ?)  and  1588  feet  (Mosbrucher 
Maar). 

As  this  is  peculiarly  the  place  in  which  to  call  attention 
to  the  imiformity  and  agreement  exhibited  by  volcanic 
activity  in  its  production  of  material  results,  in  the 
most  different  forms  of  the  outer  framework  (as  Maars, 
as  circumvallated  craters  of  elevation,  or  cones  opened 
at  the  summit),  I  may  mention  the  remarkable  abun- 
dance of  crystallized  minerals  which  have  been  thrown 
out  by  the  Maars  in  their  first  explosion,  and  which  still 
in  part  lie  buried  in  the  tufas.  In  the  environs  of  the 
Laacher  lake  this  abundance  is  certainly  greatest,  but>  other 
Maars  also,  for  example  the  Immerather,  and  the  Meerfelder 
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Maar  so  rich  in  bombs  of  oliTine^  contain  fine  orjstallized 
masses.  We  may  here  mention^  zircon,  bauyney  lencite,^  apa- 
tite,  nosean,  oliyine^  augite,  rbyacolite,  common  felspar 
(oi'thoclase),  glassj  felspar  (sanidme),  mica,  sodalite,  garnet, 
and  titanic  iron.  If  tbe  number  of  beantiMly  crystallized 
minerals  on  Yesuvitts  be  so  mucb  greater  (Bcaccbi  counts 
43  species),  we  must  not  forget,  that  very  few  of  tbem  are 
ejeosted  from  the  volcano,  and  that  the  greater  number  belongs 
to  the  p<»rtion  of  the  so-called  eruptive  matters  of  Vesu- 
vius, which,  according  to  the  opinion  of  Leopold  von  Buch,** 
"  are  quite  foreign  to  Vesuvius,  and  to  be  referred  to  a 
ttt£EU3eous  covering  disused  far  beyond  Capua,  which  was  up- 
heaved by  the  rising  cone  of  Vesuvius,  and  has  probably 
been  produced  by  a  deeply-seated  submarine  volcanic  action." 
Certain  definite  directions  of  the  various  phenomena  of 
volcanic  activity  are  unmistakeable  even  in  the  Bifel.  "  The 
emptions,  producing  lava^treams,  of  the  upper  Eifel  Ue  in 
one  fissure,  nearly  32  English  ipiles  in  length,  from  Bert- 

^  Leucite  (of  the  same  kind  from  Vesuvius,  from  Eocca  di  Papa  in 
the  Albanian  motmtains,  from  Viterbo,  from  the  Bocca  Monfina, 
according  to  POla,  sometimes  of  more  than  3  inches  in  diameter,  and 
from  the  dolerite  of  the  KaineTstuhl  in  the  Breisgau),  occurs  also  **  in 
position  as  leucite-rock  in  the  Eifel,  on  the  Burgberg,  near  Rieden. 
The  tufa  in  the  Eifel  incloses  large  blocks  of  leucitophyre  near  Boll 
and  Weibem."  I  cannot  resist  the  temptation  to  borrow  the  following 
important  observation  from  a  chemico-geognostic  memoir  read  by  Mits- 
cherlich  a  few  weeks  since  before  the  Academy  of  Berlin.  "Aqueous 
va^urs  alone  may  have  effected  ilie  eruptions  of  the  Eifel ;  but  they 
would  have  divided  olivine  and  augite  into  the  finest  drops  and  pow- 
der, if  they  had  met  with  them  in  a  fluid  state.  With  the  funda- 
mental  mass  of  the  erupted  matters  fragments  of  the  old,  broken  up  rock 
are  most  intimately  mixed,  for  example  on  the  Dreiser  Weiher,  and 
these'  are  frequently  caked  together.  The  larger  olivine  masses  and  the 
masses  of  augite  even  usually  occur  surroimded  by  a  thick  crust  of 
this  mixture ;  a  fragment  of  the  old  rock  never  occurs  in  the  olivine  or 
augite, — ^both  were  consequently  formed  before  they  reached  the  spot 
where  the  breaking  up  took  place.  Olivine  and  augite  had  therefore 
separated  from  the  fluid  basaltic  mass  before  this  met  with  an  accuma- 
lation  of  water  or  a  spring  which  caused  its  expulsion."  See  also  upon 
the  bombs  an  older  memoir  by  Leonard  Homer,  in  the  Tramaetion*  of 
the  Geological  Society,  2nd  series,  vol.  iv,  pt.  2, 1836,  p.  467. 

**  Leopold  von  Buch,  in  Poggend.  Annalen,  Bd.  xxxvii,  s.  179. 
According  to  Scacchi,  the  eruptive  matters  belong  to  the  first  outbreak 
of  Yesuvius  in  the  year  79.  Jjeonhard's  Neiies  Jahrhuch  f&r  MvneraL 
1853,  8.  25d. 
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rich  to  tlie  Goldberg  near  Ormond,  directed  fi:t)m  south- 
east to  north-west ;  on  the  other  hand  the  Maars,  from  the 
Meerfelder  Maar  to  Mosbruch  and  the  Laacher  hike,  follow 
a  line  of  direction  from  south-west  to  north-east.  These 
two  primary  directions  intersect  each  other  in  the  three 
Maars  of  Daun.  In  the  neighbourhood  of  the  Laacher  lake 
trachyte  is  nowhere  visible  on  the  surface.  The  occurrence 
of  this  rock  below  the  surface  is  only  indicated  by  the  pecu- 
liar nature  of  the  perfectly  felspar-like  pumice-stone  of 
Laach,  and  by  the  bombs  of  augite  and  felspar  thrown  out. 
But  the  trachytes  of  the  Eifel,  composed  of  felspar  and 
large  crystals  of  hornblende,  are  only  visibly  distributed 
amongst  basaltic  mountains :  as  in  the  Sellberg  (1893  feet) 
near  Quiddelbach,  in  the  rising  ground  of  Struth,  near 
Kelberg,  and  in  the  wall-like  mountain  chain  of  Reimerath 
near  Boos." 

Next  to  the  Lipari  and  Ponza  Islands  few  parts  of  Europe 
have  probably  produced  a  greater  mass  of  pumice-stone 
than  this  region  of  Germany,  which,  with  a  comparatively 
small  elevation,  presents  such  various  forms  of  volcanic 
activity  in  its  Maars  {crate res  d'eofphsion),  basaltic  rocks, 
and  lava-emitting  volcanoes.  The  principal  mass  of  thd 
pumice-stone  is  situated  between  Nieder  Mendig  and  Sorge, 
Andemach  and  Elibenach ;  the  principal  mass  of  the  duckstein, 
or  Trass  (a  very  recent  conglomerate,  deposited  by  water), 
lies  in  the  valley  of  Brohl,  from  its  opening  into  the  Rhine 
upwards  to  Burgbrohl,  near  Plaidt  and  Kruffc.  The  Trass- 
formation  of  the  Brohl-valley  contains,  together  with  frag- 
ments of  grauwacke-slate  and  pieces  of  wood,  small  fragments 
of  pumice-stone,  differing  in  nothing  from  the  pumice-stone 
which  constitutes  the  superficial  covering  of  the  region,  and 
even  that  of  the  duckstein  itself  Notwithstanding  some 
analogies  which  the  Cordilleras  appear  to  present,  I  have 
always  doubted  whether  the  Trass  can  be  ascribed  to  erup- 
tions of  mud  from  the  lava-producing  volcanoes  of  the  Eifel. 
I  rather  suppose,  with  H.  von  Dechen,  that  the  pumice- 
stone  was  thrown  out  dry,  and  that  the  Trass  was  formed  in 
the  same  way  as  other  conglomerates.  "Pumice-stone  is 
foreign  to  the  Siebengebirge  j  and  the  great  pumice-eruption, 
of  the  Eifel,  the  principal  mass  of  which  still  lies  above  the 
loesM  (Trass)  and  alternates  therewith  in  particular  parts^ 
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may,  in  accordance  with  the  presumption  to  which  the  local 
conditions  lead,  have  taken  place  in  the  Talley  of  the  Khine, 
above  Neuwied^  in  the  great  l^euwied  basin,  perhaps  near 
Urmits,  on  the  left  bank  of  the  Rhine.  From  the  friability 
of  the  material  the  place  of  eruption  may  have  disappeared 
without  leaving  any  traces,  by  the  subsequent  action  of  the 
current  of  the  Rhine.  In  the  entire  tract  of  the  Maars  of 
the  Eifel,  as  in  that  of  its  volcanoes  from  Bertrich  to  On^ond, 
no  pumice-stone  is  foimd.  That  of  the  Laacher  lake  is  limited 
to  the  rocks  upon  its  margin ;  and  on  the  other  I^aars  the 
small  fragments  of  felspathic  rock,  which  lie  in  the  volcanic 
sand  and  tuff,  do  not  pass  into  pumice." 

We  have  already  touched  iipon  the  relative  antiquity  of  the 
Maars  and  of  the  eruptions  of  the  lava-streams,  whidk  differ 
80  much  from  them,  compared  with  that  of  the  formation  of  the 
valleys.  "  The  trachyte  of  the  Siebengebirge  appears  to  be 
much  older  than  the  valley-formation,  and  even  older  than  the 
Rhenish  brown-coaL  Its  appearance  has  been  independent 
of  the  cutting  of  the  valley  of  the  Rhine,  even  if  we  should 
ascribe  this  valley  to  the  formation  of  a  fissure.  The  forma- 
tion of  the  valleys  is  more  recent  than  the  Rhenish  brown- 
coal,  and  more  recent  thaa  the  Rhenish  basalt ;  but  older 
than  the  volcanic  eruptions  with  lava-streams,  and  older 
than  the  great  pumice-eruption  and  the  Trass.  Basalt  for- 
mations decidedly  extend  to  a  more  recent  period  than  the 
formation  of  trachyte,  and  the  principal  tnass  of  the  basalt  is, 
therelqiie;  to  be  regarded  as  younger  than  tihe  trachyte.  In 
the  pi^^t  declivities  of  the  valley  of  the  Rhine  many 
basaltic  groups  (the  quarry  of  TJnkel,  Rolandseck,  Godes* 
berg),  were  only  laid  bare  by  the  opening  of  the  valley, 
as  i^  tp  that  time  they  were  probably  enclosed  in  the  Devo- 
iiian^iuuwacke  rocks.** 

The  Infusoria,  whose  universal  diffusion,  demonstrated  by 
Shrenberg,  upon  the  continents,  in  the  greatest  depths  of  the 
sea  and  in  the  upper  strata  of  the  atmosphere,  is  one  of  the 
most  brilliant  discoveries  of  our  time,  nave  their  principal 
seat  in  the  volcanic  Eifel,  in  the  Rapilli,  Trafls-strata,  and 
pumice-conglomerates.  Organisms  with  silicious  shields  fill 
the  valley  of  Brohl  and  the  eruptive  matters  of  Hochsim- 
mer ;  sometimes,  in  the  Trass,  they  are  mixed  with  unoar- 
bonijsed  twigs  of  conifer».     According  to  £3irenbeigi  the 
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whole  of  this  microcosm  is  of  firesli-water  formation,  and 
marine  Polythalamia*'  onlyahow  themBelves  exceptionally  in 
the  uppermost  deposit  of  the  friable,  yellowish  loess  at  the 
foot  and  on  the  declivities  of  the  Siebengebirge  (indicating 
its  former  brackish  ooast-nature). 

Is  the  phenomenon  of  Maars  limited  to  Western  Ger- 
many ?  Count  Montlosier,  who  was  acquainted  with  the 
Eifel  by  personal  observations  in  1819,  and  who  pronounces 
the  Mosenberg  to  be  one  of  the  finest  volcanoes  that  he  ever 
saw,  (like  Bozet)  regards  the  Ghuffre  de  Tazenaty  the  Lae 
Bavin  and  Lac  de  la  Godhel,  in  Auvergne,  as  Maars  or 
craters  of  explosion.  They  are  cut  into  very  different  kinds 
of  rock, — in  granite,  basalt,  and  domite  (trachytic  rock),  and 
surrounded  at  the  margins  with  soorise  and  rapUli."* 

The  frameworks  which  are  built  up  by  a  more  powerM 
eruptive  activity  of  volcanoes,  by  upheaval  of  the  soil  and 
emission  of  lava,  appear  in  at  least  six  different  forms,  and 
reappear  with  this  variety  in  their  forms  in  the  most  distant 
zones  of  the  earth.  Those  who  are  bom  in  volcanic  districts 
amongst  basaltic  and  trachytic  mountains,  are  often  genially 
impressed  in  spots  where  the  same  forms  greet  them.- 
Mountain  forms  are  amongst  the  most  important  deter* 
mining  elements  of  the  physiognomy  of  nature, — ^they  give 
the  district  either  a  cheerful,  or  a  stem  and  magnificent  char 
racter,  acccH^ding  as  they  are  adorned  with  vegetation  or  sur- 
rounded by  a  dreary  barrenness.   I  have  quite  recently  endea- 

"*  ^  Upon  the  antiquity  of  formation  of  the  valley  of  the  Bhine^  Bee 
H.  yon  Dechen,  Qeognost.  Betchreibtmg  des  SidfengeUrgea,  in  the  Ver- 
handl.  des  Naturhist,  Verdns  der  Prewsa.  JRheinlande  und  Westphalens, 
1852,  s.  656—569.  The  infusoria  of  the  Eifel  are  treated  of  by 
Ehrenberg  in  the  Monatsber.  der  Alead,  der  Witt,  zu  Berlin,  1844, 
e.  337,  1845,  b.  133  and  148,  and  1846,  s.  161—171.  The  Trcut  of 
Brohl,  which  is  filled  with  crumbs  of  pumice-stone  containing  infusoria, 
forms  lulls  of  as  much  as  860  feet  in  height. 

^  See  Rozet,  in  the  Mimoiret  de  la  Soa4ti  Qiohgique,  2me  s^rie,  t.  i, 
p.  119.  On  the  island  of  Java  also,  fhat  wonderful  seat  of  multifarious 
volcanic  activity,  there  occur  "  craters  withdut  cones,  as  it  were  fist 
volcanoes"  (Junghuhn,  Java,  tdne  Qestalt  wnd  Pf^cmaendecke,  Lief,  vii, 
p.  640)  between  Oonung  Salak  and  Perwakti,  analogous  to  the  Siaais 
as  "  craters  of  explosion."  Destitute  of  any  elevated  margins,  they  are 
situated  partly  in  perfectly  flat  districts  of  the  mountains,  have  angular 
fragments  of  the  burst  rocky  strata  scattered  around  them,  and  now 
only  emit  vapours  and  gases* 
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vonred  to  bring  together,  in  a  separate  atlas,  a  nnmber  of  oat- 
lines  of  the  Cordilleras  of  Quito  and  Mexico,  sketched  from  my 
own  drawings.  As  basalt  occurs  sometimes  in  conical  domeSy 
somewhat  rounded  at  the  summit,  sometimes  in  the  form  at 
closely-arranged  twin-mountains  of  unequal  elevation,  and 
sometimes  in  that  of  a  long  horizontal  ridge  bounded  at> 
eadi  extremity  by  a  more  elevated  dome,  so  we  principally 
distinguish  in  trachyte  the  majestic  dome-form*  (Chim- 
borazo,  21,422  feet),  not  to  be  confounded  with  the  form 
of  the  imopened  but  less  massive  bell-shaped  mountains.  The 
conical  form  is  most  perfectly*  exhibited  in  Cotopaxi  (16,877 
feet),  and  next  to  this  in  Popocatepetl**  (17,727  feet),  as  seen 
on  the  beautiful  shores  of  the  lake  of  Tescuco,  or  from  the 
summit  of  the  .ancient  Mexican  step-pyramid  of  Oholola; 
and  in  the  volcano  of  Orizaba*^  (17,374  feet,  aecordii^  to 
Ferrer  17,879  feet).  A  strongly  truncated  conical  Ibrm^  is 
exhibited  by  the  Nevado  de  Cayambe-Urcu  (19,365  feet), 
which  ifi  intersected  by  the  equator,  and  by  the  volcano  of 
Tolima  (18,129  feet),  visible  above  the  primaeval  forest  at 
the  foot  of  the  Paramo  de  Quindiu,  near  the  little  town  of 
Ibague.'  To  the  astonishment  of  geognosists  an  elongated 
ridge  is  formed  by  the  volcano  of  Pichincha  (15,691  feet),  at 
the  less  elevated  extremity  of  which  the  broad,  still  ignited 
crater*  is  situated. 

Fallings  of  the  walls  of  craters,  induced  by  great  natural 
phenomena,  or  their  rupture  by  mine-like  explosion  from 

^  Humboldt,  UmriMe  von  Vnlhanen  der  CordiUeren  von  QuUo  wnd 
Meocieo,  ein  BsUrag  zwr  Phyaiognoimk  der  Natnr,  Tafel  It  {Kleinere 
Sckriften,  Bd.  i,  8. 188—205). 

®  UftvrUte  von  ViUkanen,  Tafel  yL 

^  Op.  cU.  8up.  Tafel  viii  (Kleinere  Skriften,  Bd.  i,  «.  488 — i67). 
On  the  topographical  position  of  Popocatepetl  {mnokmff  mountain,  in 
the  Aztec  language),  near  the  (recumbent)  Wkite  woman,  Iztaccifauatl, 
and  its  geographical  relation  to  the  western  lake  of  Tezeuco  and  the 
pyramid  of  Cholula  situated  to  the  eastward,  see  my  AUas  GSographique 
tt  Physique  de  la  NovmUe  Eapoff^e,  pi.  3. 

>^  Umritsevon.  VvXkanen,  Tafel  ix;  the  Star-mountain,  in  the  Aztec 
language  Citlaltepetl ;  Kleinere  Sehriften,  Bd.  i,  s.  467 — 470,  asod  my 
Adas  Q£ogr.  et  Phyt.  de  la  Nouvelle  Kspoffne,  pL  17. 

*  Um/ri88e  von  VtilkaTien,  Tafel  it 

*  Humboldt,  Vnes  dea  CordHUres  et  Monumen$  de$  pevpluindigineg  de 
TAmSrique  (fd.),  pi.  Ixti. 

>  Umrissc  vnn  Vidkanenj  Tafel  i  and  x  (Kleinere  JSdurtften,  Bd.  i. 
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the  depths  of  the  interior  produce  remarkable  and  con« 
trasting  forms  in  conical  mountains :  such  as  the  cleavage 
into  double  pyramids  of  a  more  or  less  regular  kind  in  the 
Carguairazo  (15,667  feet),  which  suddenly  fell  in*  on  the 
night  of  the  19th  July,  1698,  and  in  the  still  more  beautiful 
pyramids*  of  Ilinissa  (17,438  feet)  ;  and  a  crenulation  of  the 
upper  walls  of  the  crater,  in  which  two  very  similar  peaks^ 
opposite  to  each  other,  betray  the  previous  primitive  form 
(Capac-Urcu,  Cerro  del  Altar,  now  only  17,456  feet  in 
height).  Amongst  the  aborigines  of  the  highlands  of  Quito, 
between  Chambo  and  Lican,  between  the  mountains  of 
Oondorasto  and  Cuvillan,  the  tradition  has  been  universally 
preserved  that  fourteen  years  before  the  invasion  of  Huayna 
Capac,  the  son  of  the  Inca  Tupac  Yupanqui,  and  after  erup* 
tions  which  lasted  uninterruptedly  for  seven  or  eight  years, 
the  summit  of  the  last-mentioned  volcano  fell  in,  and 
covered  the  entire  plateau,  in  which  "New  Hiobamba  is  situ* 
ated,  with  pumice^one  and  volcanic  ashes.  The  volcano, 
originally  higher  than  Chimborazo,  was  called  in  the  Inca 
or  Quichua  language,  eapae,  the  king  or  prince  of  mountains 
(urcu),  because  the  ^latives  saw  its  summit  rise  to  a  greater 
height  above  the  lower  snow  line,  than  that  of  any  other  moun* 
tain  of  the  neighbourhood.*    The  great  Ararat,  the  summit 

*  Umrisse  von  Vtdkanen,  Tafel  iv,  ' 

•  Ibid.  Tafel  iii,  and  vii. 

"  Long  before  the  visit  of  Bouguer  and  La  Condamine  (1736)  to  the 
plateau  of  Quito,  long  before  any  measurements  of  the  mountains  by 
astronomers,  the  natives  knew  that  Chimborazo  was  higher  than  any 
other  Nevado  in  that  region.  They  had  detected  two  lines  of  level 
which  remained  almost  eicactly  the  same  all  the  year  round, — ^that  of 
the  lower  limit  of  perpetual  snow, — and  that  of  the  elevation  to 
which  a  single,  occasional  snow-fall  reached  down.  As  in  the  equatorial 
region  of  Quito,  the  snow-line,  as  I  have  proved  by  measurements  else- 
where (Atie  Centrales  t.  iii,  p.  255),  only  varies  about  190  feet  in  eleva- 
tion on  six  of  the  most  colossal  peaks ;  and  as  this  variation,  as  well  as 
smaller  ones  caused  by  local  conditions,  is  imperceptible  to  the  naked 
eye  when  seen  from  a  great  distance  (the  height  of  the  summit  of  Mont 
Hano  18  the  same  as  that  of  the  lower  equatorial  snow-limit),  this  oir* 
cumstance  gives  rise  within  the  tropics  to  an  apparently  uninterrupted 
regularity  of  the  snowy  covering,  that  is  to  say,  the  form  of  the  snow* 
line.  The  pictorial  representation  of  this  horizontality  is  astounding  to 
the  physicists  who  are  only  accustomed  to  the  irregularity  of  .tho 
snowy  oovering  in  the  variablei,  so-called  temperate  zones.  The  uni* 
formity  of  elevation  of  the  snow  about  Quito,  and  the  knowledge  of  tht 
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of  which  (17,084  feet)  was  reached  by  Friedrich  Parrot  in 
the  year  1829,  and  by  Abich  and  Chodzko  in  1845  and  1850, 
forms,  like  Chimborazo,  an  nn-opened  dome.  Its  vast  lava- 
streams  have  burst  forth  far  below  the  snow-line.  A  more 
important  character  in  the  formation  of  Ararat  is  a  lateral 
chasm,  the  deeply-cut  Yalley  of  Jacob,  which  may  be  com- 
pared with  the  Val  del  JBove  of  Etna.  In  this,  according  to 
Abich's  observation,  the  inner  structure  of  the  nucleus  of 
the  trachytic  dome-shaped  moimtain,  first  becomes  really 
visible,  as  this  nucleus  and  the  upheaval  of  the  whole  of 
Ararat  are  much  more  ancient  than  the  lava-streams.' 
The  Kasbegk  and  Tschegem  which  have  broken  out  upon  the 
same  principal  Caucasian  mountain  ridge  (E.S.E. — ^W.N.W.) 
as  the  Elburuz  (19,716  feet)  are  also  cones  without  craters  at 
their  summits,  whilst  the  colossal  Elburuz  bears  a  crater-lake 
upon  its  summit. 

As  conical  and  dome-like  forms  are  by  far  the  most  fre- 
quent in  all  regions  of  the  earth,  the  isolated  occurrences 
of  the  long  ridge  of  the  volcano  of  Pichincha,  in  the  group 
of  volcanoes  of  Quito,  becomes  all  the  inore  remarkable.  I 
have  occupied  myself  long  and  carefully  with  the  study  of 
its  structure,  and,  besides  its  profile  view,  founded  upon 

mazimnm  of  its  oscillation,  presents  perpendicular  bases  of  15,777  feet 
above  the  sarface  of  the  sea,  and  of  6396  feet  above  the  plateau  in 
which  the  cities  of  Quito,  Hambato,  and  Nuevo  Riobamba  are  situated; 
bases  which,  combined  with  very  accurate  measurements  of  angles  of 
elevation,  may  be  employed  for  determining  distance  in  many  topogra- 
phical labours  which  are  to  be  rapidly  executed.  The  second  of  tha 
ievel-lines  here  indicated,  the  horizontal  which  bounds  the  lower  por- 
tion of  a  single  occasional  snow-fall,  is  decisive  as  to  the  relative  heights 
of  the  mountain  domes  which  do  not  reach  into  the  region  of  perpetual 
snow.  Of  a  long  chain  of  such  mountains,  which  have  been  erroneously 
supposed  to  be  of  equal  height,  many  are  below  the  temporary  snow> 
line,  and  thus  the  snow-fall  decides  as  to  the  relative  height.  I  have 
heard  such  considerations  as  these  upon  perpetyial  and  accidental  snow- 
limits  from  the  mouths  of  rough  country  people  and  herdsmen  in  the 
mountains  of  Quito,  where  the  Sierras  Nevadas  are  often  close  together 
although  they  are  not  connected  by  the  same  line  of  perpetual  snow. 
Qrandeur  of  nature  sharpens  the  perceptive  faculties  in  particular 
individuals  amongst  the  coloured  aborigines,  even  when  they  are  on 
the  lowest  steps  of  civilization* 

7  Abich,  Bulletin  de  la  Society  de  GfSogra^hie,  4me  s^rie,  t.  i  (1851), 
p.  517,  with  a  very  beautiful  representation  of  the  form  of  the  old 
volcano. 

VOL.  V.  B 
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numerous  angnliur  measurements,  liave  also  pnblislied  a  topo- 
graphical sketch  of  its  transverse  valleys."  Pichincha  forms 
a  waJl  of  blkek  trachytic  rock  (composed  of  augite  and  oligo- 
dase)  more  than  nine  miles  in  length,  elevated  upon  a  fissure 
in  the  most  western  CordilLeras^  near  the  South  Sea,  but 
without  the  axis  of  the  high  mountain  ridge  coinciding  in 
direction  with  that  of  the  Cordillera.  Upon  the  ridge  of 
the  wall,  the  three  domes^  set  up  like  castles,  foUow  from 
S."W.  to  N.E. :  Cuntur-guachana,  Guagua-Pichincha  (the 
child  of  the  old  volcano)  and  el  Picacho  de  los  Ladrillos. 
The  true  volcano  is  called  the  Father  or  the  Old  Man,  Rucu- 
Pichincha.  It  is  the  only  part  of  the  long  mountain  ridge 
that  reaches  into  the  region  of  perpetual  snow,  and  there- 
fore rises  to  an  elevation  which  exceeds  the  dome  of  Guagua- 
Pichincha,  the  child^  by  about  190  fbet.  Three  tower-like 
rocks  surround  the  oval  crater,  which  lie  somewhat  to  the 
south-west,  and  therefore  beyond  the  axial  direction  of  a 
wall  which  is  on  the  average  15,406  feet  in  height.  In  the 
spring  of  1802, 1  reached  the  eastern  rocky  tower  accompanied 
only  by  the  Indian,  Felipe  Aldas.  We  stood  there  upon  the 
extreme  margin  of  the  crater,  about  2451  feet  above  the  bot- 
tom of  the  ignited  chasm.  Sebastian  Wisse,  to  whom  the  phy- 
sical sciences  are  indebted  for  so  many  interesting  observations 
during  his  long  residence  in  Quito,  had  the  courage  to  pass 
several  nights,  in  the  year  1845,  in  a  part  of  the  crater  where 
the  thermometer  fell  towards  sunrise  to  2S*.  The  crater  is 
divided  into  two  portions  by  a  rocky  ridge,  covered  with 
vitrified  scoriaB.  The  eastern  portion  lies  more  than  a 
thousand  feet  deeper  than  the  western,  and  is  now  the  real 
seat  of  volcanic  activity.  Here  a  cone  of  eruption  rises  to 
a  height  of  266  feet.  It  is  surrounded  by  more  than  seventy 
ignited  fumaroles,  emitting  sulphurous  vapours.*  From  this 
circular  eastern  crater,  the  cooler  parts  of  which  are  now 
covered  with  tufts  of  rushy  grasses,  and  a  Famrretia  with 
BnHBelia-like  leaves,  it  is  probalde  that  the  eruptions  of 
fiery  scoriae,  pumice,  and  ashes  of  Rucu-Pkhincha  took 
place  in  1539, 1560, 1566, 1577, 1580,  and  1660.    The  city 

B  Humboldt,  Viies  de  CordiUh'es,  p^.  295,  pL  Izi,  and  Atteu  de  kb 
BSlat,  Hist,  du  Voyage,  pL  27. 
>  KlemereJMiriftm,  Bd.  i,  ».  61,  81,  S$,  and  8S. 
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el  Quito  -was  then  frequentlj  enveloped  in  darkneiH  jfor  €bys 
together  by  the  £Etlling,  du0t-like  rapiUi. 

To  the  rarer  cla^  oi  vokanic  forms  whieh  constitnte  eloB- 
g^ed  rid^  belong,  in  the  old  world,  the  Ck^lnngong;  idth  a 
large  crater,  in  the  western  part  of  Java  ;^^  the  dokritic  mass 
of  the  Schiweliitseh,  in  Kamtsehatkay  a  mountain-chain  upon 
the  ridge  of  which  single  domes  rise  to  a  height  of  10,170 
feet  >^^  Heclay  seen  from  the  north-west  code,  in  the  normal 
direction  upon  the  principal  and  longitudiaal  fissure  orer 
whidiit  haiet  bnrsti  forth,  as  a  broad  moxmtain^hain,  fur- 
nished with  various  small  peaks.  Since  the  last  eruptions  of 
1845  and  1846,  which  yielded  a  lava-stream  of  8  geographical 
miles  in  length  and  in  some  places  more  than  2  miles  in 
breadth,  simikr  to  the  stream  firom  Etna  in  1669,  five  caldron- 
like  craters  lie  in  a  row  upon  the  ridge  of  Hecla.  As  the 
principal  fissure  is  directed  K.  65^  E.,l£e  volcano,  when  seen 
from  SelsundsQall,  that  is  from  the  south-west  side,  and 
therefore  in  transverse  section,  appears  as  a  pointed  conical 
mountain." 

If  the  forms  of  volcanoes  are  so  r^Eoarkably  different 
(Cot(^)axi  and  Pichinehft)  withouit  any  variation  isQ  the 
matters  thrown  out,  and  in  the  chemical  processes  taking  place 
in  the  depths  of  their  interior,  the  relative  position  of  the 
cones  of  elevation  is  sometinikes  still  more  «ngular.  Upoui 
the  island  of  Luzon,  in  the  group  of  the  Philippines,  the  stM 
active  volcano  of  Taal,  the  most  destructive  eruption  of 
which  was  thait  of  the  year  1754,  rises  in  the  midst  of  a 
If.rge  lake,  inhabited  by  crocodiles  (called  the  htguna  de 
Scmhan),  The  eone^  which  was  ascended  in  Kotzebue's 
voyage  of  discovezy,  has  a  crater-lake,  from  which  again  a 
cone  of  eruptioD,  with  a  second  crater^  rises."    This  descrip^ 

^  Jnaghc^  B$iu  dm^  JtNfa,  1845,  s^  ^L&,  'Sakt  xx. 

^^  See  AdoU  Enuaa's  Meue  %m  die  Urde,  whieh  is  also  very  importaaat 
In  a  geegaosfcie  point  ol  yiew;  Bd*  Hi,  s.  271  and  207. 

»  Saartoriiui  tob  Waltegriaituaen,  PhyaMk-gmgrfx^^MtxAt  l&giat  ton, 
Jskmd,  ]i8i7>  c  lOTj,  and  Ihis  QtfigiMVtMier  AtlM  «»»  Idmd,  1^ 
^Ca£elxvaad.Xi(R. 

»  OUa  roi^  Kotsebue^  Bntdednmgg-Mgm  ^  di^  Hdm  md  in  dk 
Bermgf-ShHMae,  1815—1818,  Bd.  iii,  s.  68;  Jleise-Atlcu  von  Chori9,U20, 
Tftfel5;  Yicomie  d'Ardiiae,  Mut^irtdmPw^^d^la  €MomB,  1847, 
t.  i,  p.  544}  and  Baaseto».  JHeexonari^ Oto^r^  eiad*  Bitik^m  AiagidM 
FUipma8,  t.U  (Madrid,  1851),  pp.436  and  470^—47), iftt^ii^lMweTer, 
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tion  reminds  one  involuntarily  of  Hanno's  jonmal  of  his 
voyage^  in  which  an  island  is  referred  to,  enclosing  a  small 
lake,  &om  the  centre  of  which  a  second  island  rises.  The 
phenomenon  is  said  to  occur  twice,  once  in  the  Gulf  of  the 
Western  Horn,  and  again  in  the  Bay  of  the  Gorilla  Apes,  on 
the  West  African  coast.**  Such  particular  descriptions  may 
be  believed  to  rest  upon  actual  observation  of  nature! 

The  smallest  and  greatest  elevation  of  the  points  at  which 
the  volcanic  energy  of  the  interior  of  the  earth  shows  itself 
permanently  active  at  the  surface,  is  a  hypsometric  considera- 
tion possessing  that  interest  for  the  physical  description  of 
the  earth  which  belongs  to  all  facts  relating  to  the  reaction 
of  the  fluid  interior  of  the  planet  upon  its  surface.  The 
degree  of  the  upheaving  force"  is  certainly  evidenced  in  the 
height  of  volcanic  conical  mountains,  but  an  opinion  as  to 
the  influence  of  comparative  elevation  upon  the  frequency 
and  violence  of  eruptions  must  be  given  with  great  caution. 
Individual  contrasts  of  the  frequency  and  strength  of  similar 
actions  in  very  high  or  very  low  volcanoes,  cannot  be  deci- 
sive in  this  case,  and  our  knowledge  of  the  many  hundred 
active  volcanoes,  supposed  to  exist  upon  continents  and 
islands,  is  still  so  exceedingly  imperfect  that  the  only  deci- 
sive  method,  that  of  average  numbers,  is  as  yet  misapplied. 
But  such  average  numbers,  even  if  they  should  furnish  the 
definite  result  at  what  elevation  of  the  cones  a  quicker 
return  of  the  eruptions  is  manifested,  would  still  leave  room 
for  the  doubt  that  the  incalculable  contingencies  occurring 

the  double  encircling  of  a  crater  in  the  crater-lake,  mentioned  alike  accu- 
rately and  circumstantially  by  Delamare,  in  his  letter  to  Arago  (Novem- 
ber, 1842,  Comptes  rendus  de  VAcad.  des  Sciences,  t.  xvi,  p.  756)  is  not 
referred  to.  The  great  eruption  in  December,  17 5i  (a  previous  and 
more  violent  one  took  place  on  the  24th  September,  1716),  destroyed 
the  old  village  of  Taal,  situated  on  the  south-western  bank  of  the  lake, 
which  was  subsequently  rebuilt  at  a  greater  distance  from  the  volcano. 
The  small  island  of  the  lake  upon  which  the  volcano  rises  is  called  Isla 
del  Volcan,  (Buzeta  loc,  cit.)  The  absolute  elevation  of  the  volcano  of 
Taal  is  scarcely  895  feet.  It  is,  therefore,  like  Cosima,  one  of  the  lowest. 
At  the  time  of  the  American  expedition  of  Captain  Wilkes  (1842)  it 
was  in  full  activity.  See  United  States  Exploring  Expedition,  vol.  t. 
p.  317. 

**  Humboldt,  Examen  Critique  de  Vffist.  de  la  QSogr.  t.  iii,  p.  185; 
Hawnonis  Periplus,  in  Hudson's  Geoffr,  Qrcsci  min,  t.  i,  p.  4fi, 

^  Cosmos,  voL  i,  p.  227. 
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in  the  network  of  fissures,  which  may  be  stopped  up  witli 
more  or  less  ease,  may  act  together  with  the  elevation ;  that 
is  to  say,  the  distance  from  the  volcanic  focus.  The  pheno- 
menon is  consequently  an  imcertain  one,  as  regards  its 
causal  connexion. 

Adhering  cautiously  to  matters  of  fact,  where  the  compli- 
cation of  the  natural  phenomena  and  the  deficiency  of  histo- 
rical records  as  to  the  number  of  eruptions  in  the  lapse  of 
ages  have  not  yet  allowed  us  to  discover  laws,  I  am  con- 
tented with  establishing  five  groups  for  the  comparative 
hypsometry  of  volcanoes,  in  which  the  classes  of  elevation  are 
characterised  by  a  small  but  certain  number  of  examples. 
In  these  five  groups  I  have  only  referred  to  conical  moun- 
tains rising  isolated  and  furnished  with  still  ignited  craters, 
and  consequently  to  true  and  still  active  volcanoes,  not  to 
onopened  dome-shaped  mountains,  such  as  Chimborazo.  AH 
cones  of  eruption  which  are  dependent  upon  a  nei^bouring 
volcano,  or  which,  when  at  a  distance  from  the  latter,  as 
upon  the  island  of  Lancerote,  and  in  the  Arso  on  the 
Epomeus  of  Ischia,  have  preserved  no  permanent  connection 
between  the  interior  of  the  earth  and  the  atmosphere,  are 
here  excluded.  According  to  the  testimony  of  the  most 
zealous  observer  of  the  vulcanicity  of  Etna,  Sartorms  von 
Waltershausen,  this  volcano  is  surrounded  by  nearly  700 
larger  and  smaller  cones  of  eruption.  As  the  measured  ele- 
vations of  the  summits  relate  to  the  level  of  the  sea,  the 
present  fluid  surface  of  the  planet,  it  is  of  importance  here 
to  advert  to  the  fact  that  insular  volcanoes, — of  which  some 
(such  as  the  Javanese  volcano  Cosima,^^  at  the  entrance  of 
the  Straits  of  Tsugar,  described  by  Homer  and  Tilesius)  do 
not  project  a  thousand  feet,  and  others,  such  as  the  Peak  of 
Tenerilfe,"  are  more  than  12,250  feet  above  the  surface  of 

^^  For  the  position  of  this  volcano,  which  is  only  exceeded  in  small- 
ness  by  the  volcano  of  Tanna,  and  that  of  the  Mendaiiay  see  the  fine 
map  of  Japan  by  F.  von  Siebold,  1840. 

^^  I  do  not  mention  here,  with  the  Peak  of  Tenerifie,  amongst  the 
insular  volcanoes,  that  of  Mauna-Roa,  the  conical  form  of  which  does 
not  agree  with  its  name.  In  the  language  of  the  Sandwich  Islanders, 
mauTia  signifies  mountain,  and  roa,  both  l(mg  and  muck.  Nor  do  I 
mention  Hawaii,  upon  the  height  of  which  there  has  so  long  been  a 
dispute,  and  which  has  been  described  as  a  trachytic  dome  not  opened 
at  the  summit.    The  celebrated  crater  KiraueaSi  (a  lake  of  molteu, 
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the  Bea, — have  raiaed  themg^TeB  bj  volcamc  forces  aboye  a 
sea-bottom,  which  has  often  be^i  found  20,000  feet^  nay,  in 
(me  cace,  more  than  45,838  feet,  below  the  present  staiice  of 
the  ocean.  To  avoid  an  error  in  the  nnm^ncal  proportions 
it  must  also  be  mentioned  that,  although  distinctions  of  the 
first  and  fourth  classes, — ^volcanoes  of  1000  and  18,000  feet 
(1066  and  19,188  EngMifeet) — ^appear  very  considerabk  for 
Tolcanoes  on  continents,  the  ratios  of  these  numbers  are 
quite  changed  if  (from  Mitscherlich's  experiments  upcm  the 
melting  point  of  granite^  and  the  not  very  f»*obalde  hypo- 
thesis c^  the  uniform  increase  of  heat  in  proportion  to  the 
depth  in  arithmetical  progrestdon)  we  infer  the  upper  limit 
of  the  fiised  interior  of  the  earth  to  be  about  121,500  feet 
below  the  present  sea  leyeL  Considering  the  tension  of  elastic 
vapours,  which  is  vastly  in<a%ased  by  the  sto|^ing  of  volcanic 
fissures,  the  differences  of  elevation  of  the  volcanoes  hit^berto 
measured  are  certainly  not  considerable  ^lough  to  be 
regarded  as  a  hindrance  to  the  elevation  of  the  lava  and  oth^r 
dense  masses  to  the  height  of  the  crater. 

HJgpiometry  of  Volcanoes. 
Virst  Sfroujpy  from  700.  to  4000  Farts  or  746  to  4264  English 

feet  in  height 

The  rolcKBO  of  tbe  Japanese  idand  CotiwM,  to  the  south  of  Jezp; 
746  feet^  accordiztg  to  Homer. 

The  volcano  of  the  Lipariui  lahmd    Volcano:   1305  English  feet, 
acconiing  to  F.  HdB&naiin.>^ 

Qumuiff  Api  (signifyiiig  Fiery  Mountain  in  the  Miday  language),  Ihe 
volcano  of  the  island  of  Banda :  1949  feet. 

boiling  lava)  lies  to  the  eastward,  near  the  foot  of  the  Mauna-Roa,  accord- 
ing to  Wilkes,  at  an  elevation  of  3970  feet.  See  the  excellent  description 
in  Charles  Wilkes*  Exploring  Expedition,  vol  iv,  pp.  165 — 196. 

18  Letter  from  F.  Hoffmann  to  I^eopold  von  Buch,  npon  the  Geog- 
nostic  Constitution  of  the  Lipari  Islands,  in  Poggend.  Awialen,  Bd.  zxvi, 
1832,  s.  59.  Volcano,  1268  feet,  according  to  the  recent  measuremast 
of  C.  Sainte-Claire  Deville,  had  violent  eruptions  of  seorise  and  ashes  in 
the  year  1444,  at  the  end  of  the  16th  centuiy,  in  1731, 1739,  and  1771. 
Its  fumaroles  contain  ammonia,  borate  of  selenium,  sulphuret  of 
arsenic,  phosphorus,  and,  according  to  Bomemann,  traces  of  iodine. 
The  last  three  substances  occur  here  for  the  first  time  amongst  vol- 
canic  products  {Oomjpia  rendut  de  VAead,  det  Scieneet,  t.  zliii,  1856^ 
p.  683). 
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I3ie  Tolcano  of  Izalco^^^  in  ibs  state  of  San  Salyador  (in  Central 

America)  which  was  first  ascended  in  the  year  1770,  and  which 

is  in  a  state  of  ahnost  constant  eruption :  2132  feet,  according 

to  Squier. 
Gwnung  EiTiggit,  the  lowest  volcano  of  Java:  2345  feet,  according  to 

Junghuhn.^ 
StromboU:  2958  feet,  accordiqg  to  F.  Hoffmann. 
Vesuvius,  the  Eocca  del  Palo,  on  the  highest  northern  margin  of  the 

crater :  the  average  of  my  two  barometrical  measurements^  of  1806 

and  1822  gives  3997  feet. 
l^e  volcano  of  JorvUo,  which  broke  out  in  the  elevated  plateau  of 

Mexico's  on  the  29th  September,  1759:  4266  feet. 

Second  group,  from  4000  to  8000  FwiB  or  4264  to  8528 

Unglish  feet  in  height* 

Mont  PeU,  of  Martmique  :  4707  feet^  according  to  Dupuget. 

The  SovfrUre,  of  Guadaloupe:  4867  feet,  according  to  C.  DeviUe. 

Gmmng  Lamongan,  in  the  most  eastern  part  of  Java:  5341  feet, 
according  to  Jungfauhn. 

Gunung  Tengger,  which  has  the  largest  crater®  of  aU  the  volcanoes  of 
Java:  height  at  the  cone  of  eruption  of  Bromo^  7547  feet,  accord- 
ing to  Junghnhn. 

The  volcano  of  Osomo  (Chili):  7550  feet,  according  to  Htzroy. 

The  volcano  of  Picc^  (Aeores) ;  7614  feet,  according  to  Captwa 
Vidal 

The  volcano  of  the  island  of  Bourbon:  8002  faei^  aiooordisg  to 
Berth. 


»  Squier,  m  the  tenth  annual  meeting  of  the  AfMriotm  AMtodaUon, 
^ewhaven,  1850. 

^  See  Franz  Junghuhn*s  exceedin^y  instructive  work,  /ova,  »eme 
OestaU  wid  PJktmendeeke,  1862,  Ed.  i,  s.  99.  Binggit  has  been  nearly 
extinct,  since  its  fearful  eruption  in  th«  year  1686,  which  coat  the  lives 
of  many  thousand  people. 

21  The  summit  of  Vesuvius  is,  therefore,  only  260  feet  higher  than 
the  Brocken. 

22  Humboldt,    Vuea  des  CordiUtreB,   pL  xliii,  and  AiloM  g€ogr.  t» 

physique,  pi.  29. 

^  Junghuhn,  Op.  cit.  tup,  Bd.  i,  s.  68  and  98. 

a*  See  my  Bdatum  SiBtorique,  t.  i,  p.  98,  eq)ecially  >dth  regatd  to 
the  distance  at  which  the  summit  of  the  volcano  of  the  island  of  Pioo 
has  sometimes  been  seen.  Ferrer's  old  measurement  gave  7918  feet, 
and  therefore  804  feet  more  than  the  certainly  more  careful  aurvey  of 
Captain  Yidal  in  1843. 
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Third  group,  from  8000  to  12,000  Faria  or  8528  to  12,792 

JBhiglishfeet  in  lieight. 

The  yolcano  of  Aioaiaeka  (PexiinBula  of  Kamtschatka),  not  to  be  con* 
founded*  with  the  rather  more  northern  Strjeloscknaja  Sopha, 
which  is  usually  called  the  volcano  of  Awatsdia  by  the  English 
nayigators :  8912  ieet,  according  to  Erman. 

The  volcano  of  Antuco^  or  Ant(/[o  (Chili):  8920  feet^  according  to 
Domeyko. 

The  volcano  of  the  island  of  Fog(P  (Cape  Verd  Islands) :  91 54  feet, 
according  to  Charles  Deville. 

The    volcano    of   Schiwdtttsch  (Kamtschntka) :   the    north-eastern 

summit  10,551  feet,  according  to  Erman.^ 

- 

^  Erman,  in  his  interesting  geognostic  description  of  the  volcanoes 
of  the  peninsula  of  Kamtschatka,  gives  the  Awatochinskaja  or  Qorelaja 
Sopka  as  8912  feet,  and  the  Stijeloschnaja  Sopka,  which  is  also  called 
Eorjaskaja  Sopka,  as  11,822  feet  (Reise,  Bd.  iii,  s.  494  and  540).  See 
with  regard  to  these  two  volcanoes,  of  which  the  former  is  the  most 
active,  Leopold  de  Buch,  Descr,  Physique  des  lies  Canaries,  pp.  447 — 
450.  Erman's  measurement  of  the  volcano  of  Awatscha  agrees  best 
with  the  earliest  measurements  of  Mongez  (8739)  during  the  expedition 
of  La  Perouse  (1787),  and  with  the  more  recent  one  of  Captain  Beechy 
(9057  feet).  Hofmann  in  Kotzebue's  voyage,  and  Lenz  in  Lutke's 
voyage,  found  only  8170  and  8214  feet ;  see  Lutke,  Voyage  atUour  du 
Monde,  t.  lit,  pp.  67 — 84.  The  admiral's  measurement  of  the  Strjelo- 
sohnaja  Sopka  gave  11,222  feet. 

^  See  Pentland's  table  of  elevations  in  Mrs.  Somerville*s  Physical 
Geography,  vol.  ii,  p.  452;  Sir  Woodbine  Parish,  Buenos-Ayres  and  the 
Province  of  the  Bio  de  la  Plata,  1852,  p.  343;  Poppig,  Beise  in  Chileund 
Peru,  Bd.  i,  s.  411—434. 

^  Is  it  probable  that  the  height  of  the  summit  of  this  remarkable 
volcano  is  gradually  diminishing  ?  A  barometrical  measurement  by 
Baldey,  Yidal,  and  Mudge,  in  the  year  1819,  gave  2975  metres  or  9760 
feet;  whilst  a  very  accurate  and  practised  observer,  Sainte-Claire 
Deville,  who  has  done  such  important  service  to  the  geognosy  of 
volcanoes,  only  found  2790  metres  or  9154  feet  in  the  year  1842 
(Voyage  aux  lies  Antilles  et  d  rile  de  Fogo,  p.  155).  Captain  King 
had  a  little  while  before  determined  the  height  of  the  volcano  of 
Fogo  to  be  only  2686  metres  or  8813  feet.   . 

«  Erman,  Reise,  Bd.  iii,  s.  271,  275,  and  297.  The  volcano  Schiwe- 
lutsch,  like  Pichincha,  has  a  form  which  is  rare  amongst  active  vol- 
canoes, namely,  that  of  a  long  ridge  {chrebet),  upon  which  single  domes 
and  crests  {grebni)  rise.  Dome-shaped  and  conical  mountains  are 
always  indicated  in  the  volcanic  district  of  the  peninsula  by  the  name 
eopki. 
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EtnaP  according  to  Smytb,  10fi7l  feet. 

Peak  of  Teneriffe:  12,161  feet,  according  to  Charles  Beville.* 

The  Tolcano  Gunung  Semeru,  the  highest  of  all  mountains  on  the 
island  of  Java:  12,237  feet,  according  to  Junghuhn's  barometrical 
measurement.  , 

The  volcano  ErehuSf  lat.  77**  82',  the  nearest  to  the  south  pole  ^ 
12,866  feet,  according  to  Sir  James  Rosa. 

The  volcano  ArgamSy^  in  Cappadocia,  now  ErdicMsch-Dagh,  south- 
pouth-east  of  Kaisarieh:  12,608  feet,  according  to  Peter  von 
Tschichatscheff. 

^  For  an  accoimt  of  the  remarkable  agreement  of  the  trigonome- 
trical with  the  barometrical  measurement  of  Sir  John  Herschel,  see 
Cosmos,  vol.  i,  p.  6. 

**  The  barometrical  measurement  of  Sainte-Claire  Deville  {Voy.  aux 
Antilles,  pp.  102—118),  in  the  year  1842,  gave  3706  metres  or  12,161 
feet,  nearly  agreeing  with  the  result  (12,184  feet)  of  Borda's  second 
trigonometrical  measurement  in  the  year  1776,  which  I  was  enabled  to 
publish  for  the  first  time  from  the  manuscript  in  the  D^pdt  de  la 
Marine  (Humboldt,  Voy.  aux  BSgiont  Equinox,  t.  i,  pp.  116  and  275 — 
287).  Borda's  first  trigonometrical  measurement,  undertaken  in  con- 
junction  with  Pingr6  in  the  year  1771,  gave,  instead  of  12,184  feet, 
only  11,142  fSeet.  The  cause  of  the  error  was  the  false  reading  of  an 
angle  (33'  instead  of  53'),  as  was  told  me  by  Borda  himself,  to  whose 
great  personal  kindness  I  was  indebted  for  much  useful  advice  before 
my  voyage  on  the  Orinoco. 

3^  I  follow  Pentland's  estimate  of  12,367  feet,  especially  because 
in  Sir  James  Ross'  Voyage  of  Discovery  in  the  Antarctic  Jiegions, 
vol.  i,  p.  216,  the  height  of  the  volcano,  the  eruptions  of  smoke  and 
flame  from  which  were  seen  even  in  the  day  time,  is  given  in  round 
numbers  at  12,400  feet. 

^  With  regard  to  Argseus,  which  Hamilton  was  the  first  to  as?cend  and 
measure  barometrically  (at  12,708  feet  or  8905  metres),  see  Peter  von 
Tschichatscheff,  Asie  Minewre  (1863),  t.  i,  pp.  441 — 449,  and  571.  In  his 
excellent  work  {ResearcJies  in  Asia  Minor),  William  Hamilton  obtained 
ea  the  mean  of  one  barometrical  measurement  and  several  angles  of 
elevation  13,000  feet;  but  if  the  height  of  Kaisarieh  is  1000  feet  less 
than  he  supposes,  it  would  be  only  12,000  feet.  See  Hamilton,  in  Trans. 
Qeolog.  Society,  vol.  v,  pt.  3, 1840,  p.  696.  Towards  the  south-east  from 
Argaeus  (Erdschisch  Dagh)  in  the  great  plain  of  Eregli,  numerous  very 
email  cones  of  eruption  rise  to  the  south  of  the  village  of  Karabunar 
and  the  moimtain  group  Karadscha-Bagh.  One  of  these,  furnished 
with  a  crater,  has  a  singular  shape  like  that  of  a  ship,  running  out  in 
front  like  a  beak.  This  crater  is  situated  in  a  salt  lake,  on  the  road 
from  Karabunar  to  Eregli,  at  a  distance  of  fully  four  mile^  from  the 
former  place.  The  hill  bears  the  same  name  (Tschichatscheff,  t.  i,  p.  465; 
William  Hamilton,  Researchc^in  Asia  Minor,  vol.  ii,  p.  217). 
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Fourth  group,  from  12,000  to  16,000  Paris  or  12,792  to 
17,056  JEkiglishfeet  in  height 

The  Yoleano  of  Tnqwertif^  in  the  highlands  of  the  Provinda  de  loa 
*        Paatos :  12,824  feet,  according  to  Boiuuingault. 

Tlie  volcano  of  Potto  ^  18,453  feet,  according  to  Boussingaalt. 

The  volcano  Mawia-Boa^  18,761  feet^  according  to  Wilkes. 

The  volcano  of  Cwnbal^  in  the  Provincia  de  los  Pastos:  15,621 
feet,  according  to  Boussingault. 

The  volcano  KliuUckewti^  (Kamtschatka) :   15,766  feet,  according 
to  £nnan. 

The  volcano  Sueti-Pidun<Aa:  15,926  feel^  according  to  Humboldt's 
barometrical  measurements. 

^  The  height  here  given  is  properly  that  of  the  grass-green  mountain 
lake,  LagtMia  verde,  oa  the  maigin  of  which  is  situated  the  solfatara 
examined  by  Boussingault  (Acosta^  Vic^fes  (HentiJio9$  d  losAndetEeuato- 
riales,  1849,  p.  75). 

**  Boussingault  succeeded  in  reaching  the  crater,  and  determined 
the  altitude  barometrically ;  it  agrees  very  nearly  with  that  whidi  I 
made  known  approximately  28  yean  b^ore,  on  my  joomey  from 
Pop>ayan  to  Quito. 

^  The  altitude  of  few  volcanoes  has  been  so  over-estimated  as  that 
of  ihe  Colossus  of  the  Sandwich  Tslands.  We  see  it  gradually  fall  from 
18,410  feet  (the  estimate  given  in  Cook's  third  voyage),  16,486  feet  in 
Kkig^s,  and  16,611  feet  in  Marchand's  measurement^  to  13,761  feet  by 
Captain  Wilkes,  and  13,524  feet  by  Homer  in  Kotaebue's  voyage. 
The  grounds  of  the  last-mentioned  Ksult  were  first  made  known  by 
Leopold  von  Buch  in  the  Description  Phynqne  des  lies  Ccmariu,  p.  379. 
See  Wilkes,  Exploring  ExpeditUmy  voL  iv,  pp.  Ill — 162.  The  eastern 
maigin  of  the  crater  is  only  13,442  feet.  The  assumption  of  a  greater 
height  considering  the  assarted  freedom  from  snow  of  the  Mauna-Boa 
(lat.  19"  28';  would  also  be  in  ccmtradictioRto  the  result  that  according 
to  my  measurements  in  the  Mexican  continent  in  the  same  latitude,  the 
limit  of  perpetual  snow  has  been  found  at  14,775  feet  (Humboldt, 
Voyage  aux  tUgione  Equinox,  t.  i,  p.  97;  Aaie  Centrale,  t.  iii,  p.  269  and 
859). 

^  The  volcano  rises  to  the  west  of  the  village  of  Cumbal,  which  is 
itself  situated  10,565  feet  above  the  sea-level  (Aoosta,  p.  76). 

S7  I  give  the  result  of  Erman's  repeated  measurements  in  September, 
1829.  The  height  of  the  mai*gin  of  the  crater  is  exposed  to  alterations 
by  frequent  eruptions,  for  in  August,  1828;  measurements  which  might 
inspire  equal  confidence  gave  an  altitude  of  16,083  feet.  Compare 
Erman's  PhytikaMscke  Beobacktvaigen  aufeiner  Bette  um  die  Erde^  Bd/i, 
s.  400  and  419,  with  the  historical  account  of  the  journey,  Bd.  iii, 
B.  368—860. 
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Hie  voleano  TwfUfurahwi:  16,494  feet,  according  to  a  trigonometrical 
measurement^  by  Humboldt. 

The  volcano  of  Purae^,^  near  Popayan:  17,010  feet,  according  to 
Jos^  Caldas. 

J^ifth  qrowpi  from  16,000  to  more  than  20,000  JParisorfiom 
17,0o6  to  21,320  English  feet  in  height. 

The  volcano  Sattgay,  to  the  scmth-west  of  Quito:  17^128  feet,  ac- 
cording to  Bouguer  and  La  Condamine.^ 

The  volcano  Pcp&eatepeU^  17,729  feet,  aoo(»rding  to  a  trigonometri* 
eal  measuremoit  by  Humboldt. 

The  volcano  of  Orizaha.'*^  17,783  feei^  according  to  Ferrer. 

^  Bouguer  and  La  Oondamine,  in  the  inacripUon  at  Qmtct,  give 
16,777  feet  for  Tungurahua  before  the  great  eruption  of  1772,  and  ^« 
earthquake  of  Riobamba  (1797),  which  gave  rise  to  great  depreasions  of 
mountains.  In  the  year  1802  I  foimd  the  summit  of  the  volcano  trigo- 
nometrically  to  be  only  16,494  feet. 

3^  The  barometrical  measurement  of  the  highest  peak  of  thj3  Yolcaa 
de  Purae^  by  Francisco  Jos^  Caldas,  who,  like  my  dear  friend  and 
travelling  companion,  Carlos  Montufar,  fell  a  sacrifice  to  his  love  for 
the  independence  and  freedom  qf  his  country,  is  given  by  Acosta 
{Viajea  Cimtificos,  p.  70)  at  6184  metres  (17,010  feet).  I  found  tiie 
height  of  the  small  crater,  which  emits  sulphureou|i  vapours  with  a 
violent  noise  (Ajzufral  del  Boqueron)  to  be  14,427  feet;  Humboldt^ 
Jtecwil  d^Observ.  AstrononUqites  et  d*  (Operations  7Srigiin<m4t/riqwt,  toL  i, 
p.  304. 

^  The  Sangay  is  extremely  remarkable  from  its  uninterrupted  activi^ 
and  its  poidtion,  being  removed  somewhat  to  the  eastward  from  the 
eastern  Cordillera  of  Quito,  to  the  south  of  the  Bio  Pastajsa,  and  at  a 
distance  of  120  miles  from  the  nearest  coast  of  the  Pacific, — a  position 
which  (like  that  ol  the  volcanoes  of  the  Celestial  mountains  m  Asia) 
by  no  means  supports  the  theory  according  to  which  the  eastern  Oor* 
dUleras  of  Chili  are  free  from  volcanic  mnptions  cm  account  of  th«r 
distance  from  the  sea.  The  talented  Darwin  has  not  omitted  it^erring 
in  detail  to  this  old  and  widely  diffused  volcanic  littoral  theofy  in  the 
Geoloffieal  Ohtervationa  on  South  America,  1846,  p.  185. 

*^  I  measured  Popocatepetl,  wludi  is  aJso  called  the  Vdeem 
Grande  de  Meseioo,  in  the  plain  of  Tetimba,  near  the  Indian  village  San 
Nicolas  de  los  Banchos.  It  seems  to  me  to  be  still  imcextaui  which  of 
t^e  two  v(dcanoe8,  Popocatepetl  or  the  peak  of  Orizaba,  is  the  highest* 
(see  Humboldt^  MeceuU  d^Observ.  Astron^,  vol.  ii,  p.  543). 

^  The  peak  of  Orizaba,  clothed  with  perpetual  snow,  the  geogra- 
phical position  of  which  was  quite  erroneously  indicated  on  all  maps 
before  my  journey,  notwithstanding  the  importance  of  this  point  for 
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Miaa  MowU^  (on  the  west  coast  of  North  America):  17,855  feet, 
according  to  the  measurements  of  Quadra  and  Galeano. 

The  Tolcano  of  Tolimai^  18,143  feet,  according  to  a  trigonometrical 
measurement  by  Humboldt. 

The  volcano  otArequipa:^  18,883  feet>  according  to  a  trigonome- 
trical measurement  by  Dolley. 

navigation  near  the  landing-place  in  Vera  Cruz,  was  first  measured 
trigonometricaliy  &om  the  Encero  by  Ferrer,  in  1796.  The  measure- 
ment  gave  17,879  feet.  I  attempted  a  similar  operation  in  a  small 
plain  near  Xalapa.  I  found  only  17,375  feet,  but  the  angles  of  eleva- 
tion were  very  small,  and  the  base-line  difficult  to  level.  See  Humboldt, 
£8»ai  Politique  svr  la  Nouv.  Espagne,  2me  ^d.  t.  i,  1825,  p.  166 ;  Atlcu 
du  Mexique  (Carte  des  fausses  positions),  pi.  x,  and  Kleinere  Sckriften, 
Bd.  i,  s.  468. 

^  Humboldt,  Essai  sw  la  GSographie  des  Plantes,  1807,  p.  153.  The 
elevation  is  uncertain,  perhaps  more  than  x^^h  too  high. 

^  I  measured  the  truncated  cone  of  the  volcano  of  Tolima,  situated  at 
the  northern  extremity  of  the  Paramo  de  Quindiu,  in  the  Yalle  del 
Carvajal,  near  the  little  town  of  Ibague,  in  the  yeu:  1802.  The  moun- 
tain is  also  seen  at  a  great  distance  upon  the  plateau  of  Bogota.  At 
this  distance  Caldas  obtained  a  tolerably  approximate  result  (18,430 
feet)  by  a  somewhat  complicated  combination  in  the  year  1806  ;  Sema^ 
Itono  de  la  Nueva  Granada,  mieva\edicion,  aumewtada  por  J.  Acosta, 
1849,  p.  349. 

**  The  absolute  altitude  of  the  volcano  of  Arequipa  has  been  so 
variously  stated  that  it  becomes  difficult  to  distinguish  between  mere 
estimates  and  actual  measurements.  Dr.  Thaddaus  Hiinke,  of  Prague, 
the  distinguished  botanist  of  Malaspina's  vcyage  round  the  world, 
ascended  the  volcano  of  Arequipa  in  the  year  1796,  and  found  at  the 
summit  a  cross  which  had  been  erected  there  12  years  before.  By  a 
trigonometrical  operation  Hiinke  found  the  volcano  to  be  3180  toises 
(20,235  feet)  above  the  sea.  This  altitude,  which  is  far  too  great,  was 
probably  the  result  of  an  erroneous  assumption  of  the  elevation  of  the 
town  of  Arequipa,  in  the  vicinity  of  which  the  operation  was  performed. 
Had  Hiinke  been  provided  with  a  barometer,  a  botanist  entirely  unprac- 
tised in  trigonometrical  measurements,  would  certainly  not  have  resorted 
to  such  means  after  ascending  to  the  summit.  The  first  who  ascended 
the  volcano  after  Hanke  was  Samuel  Curzon,  from  the  United  States 
of  North  America  {Boston  Philosophical  Jotimal,  1823,  November, 
p.  168).  In  the  year  1830  Pentland  estimated  the  altitude  at  5600 
metres  (18,374  feet),  and  I  have  adopted  this  number  {Annuaire  du 
Bwreau  des  Longitvdea,  1830,  p.  325)  for  my  Carte  HypsoviUtrigue  de  la 
CordHUre  des  Andes,  1831.  There  is  a  satisfactory  agreement  (within 
T^th)  between  this  and  the  trigonometrical  measurement  of  a  French 
naval  officer,  M.  Dolley,  for  which  I  was  indebted  in  1826  to  the  kind 
communication  of  Captain  Alphonse  de  Moges  in  Paris.    Dolley  foimd 
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Tho  volcano  Cotcpaxi."*^  18,881  feet,  according  to  Bouguer. 

The  volcano  Bahama^  (Bolivia)  :  22,354  feet,  according  to  Pentland. 

The  volcano  with  which  the  fifth  group  ends  is  more  than 

the  Bummit  of  the  volcano  of  Arequipa  (trigonometrically)  to  -  be 
11,031  feet,  and  the  summit  of  Charcani  11,860  feet  above  the  plateau 
in  which  the  town  of  Arequipa  is  situated.  If  now  we  fix  the  town  of 
Arequipa  at  7841  feet,  in  accordance  with  the  barometrical  measurements 
of  Pentland  and  Rivero  (Pentland,  7862  feet  in  the  Table  of  Aititudea 
to  the  Physical  Geography  of  Mrs.  Somerville,  3rd  ed.  vol.  ii,  p.  454; 
Rivero,  in  the  Memorial  de  Oencias  NaturaJes,  t,  ii,  Lima,  1828,  p.  65 ; 
Meyen,  Rfiise  um  die  Erde,  Theil.  ii,  1835,  s.  5),  Dolley^s  trigonometrical 
operation  will  give  for  the  volcano  of  Arequipa  18,881  feet  (2952  toises), 
and  for  the  volcano  Charcani^,  19,702  feet  (3082  toises).  But  Pentland's 
Table  of  Altitudes,  above  cited,  gives  for  the  volcano  of  Arequipa 
20,320  English  feet,  6190  metres  (19,065  Paris  feet),  that  is  to  say, 
1945  feet  more  than  the  determination  of  1830,  and  somewhat  too  iden- 
tical with  Hanke's  trigonometrical  measurement  in  the  year  1796  !  In 
opposition  to  this  result  the  volcano  is  stated,  in  the  Analee  de  la  Uni- 
versidad  de  Chile,  1852,  p.  221,  only  at  5600  metres  or  18,378  feet:  con- 
sequently 590  metres  lower !    A  sad  condition  of  hypsometry ! 

^  Boussingault,  accompanied  by  the  talented  Colonel  HaU,  has  nearly 
reached  the  summit  of  Cotopaxi.  He  attained,  according  to  barome- 
trical measurement,  to  an  altitude  of  5746  metres  or  18,855  feet.  There 
was  only  a  small  space  between  him  and  the  margin  of  the  crater,  but 
the  great  looseness  of  the  snow  prevented  his  ascending  further.  Per- 
haps Bouguer's  statement  of  altitude  is  rather  too  small,  as  his  compli- 
cated  trigonometrical  calculation  depends  upon  the  hypothesis  as  to  the 
devation  of  the  city  of  Quito. 

^  The  Sahama,  which  Pentland  (Annuaire  du  Bureau  des  Longi- 
tudes, 1830,  p.  321)  distinctly  calls  an  active  volcano,  is  situated, 
according  to  his  new  map  of  the  Yale  of  Titicaca  (1848),  to  the  east- 
ward of  Arica  in  the  western  Cordillera.  It  is  928  feet  higher  than 
Chimborazo,  and  the  relative  height  of  the  lowest  Japanese  volcano 
Cosima  to  the  Sahama  is  as  1  to  30.  I  have  hesitated  in  placing  the 
Chilian  Aconcagua,  which,  stated  by  Fitzroy  in  1835  at  23.204  feet» 
is,  according  to  Pentland's  correction,  23,911  feet,  and  according 
to  the  most  recent  measurement  (1845)  of  Captain  Kellet  of  the 
frigate  Herald,  23,004  feet,  in  the  fifth  gix>up,  because  from  the 
contradictory  opinions  of  Miers  ( Voyage  to  ChUi,  vol.  i,  p.  283)  and 
Charles  Darwin  (Journal  of  Researches  into  the  Geology  and  Natural 
History  of  the  Various  Cowitries  wMted  by  the  Beagle,  2nd  ed.  p,  291), 
it  remains  doubtful  whether  this  colossal  mountain  is  a  still  ignited 
volcano.  Mrs.  Somerville,  Pentland,  and  Gilliss  (Naval  Astr.  Exped* 
vol.  i,  p.  126),  also  deny  its  activity.  Darwin  says : — "  I  was  surprised 
at  hearing  that  the  Aconcagua  was  in  action  the  same  night  (I5th 
January,  1835),  because  this  mountain  most  rarely  shows  any  sign  of 
action." 
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twice  as  liigh  as  Etna,  and  five  times  and  a  half  as  high  as 
YesnviuSb  The  scale  of  volcanoes  that  I  have  suggested,  start- 
ing from  the  lowlj  Maars  (mine-craters  without  a  raised 
finmework,  which  have  ca^  forth  olivine  bombs  siirrounded 
hj  half-fused  fragments  of  slate)  and  ascending  to  the  still 
burning  Sahama  22,354  feet  in  height,  has  shown  us  that 
there  is  no  necessary  connexion  between  the  maximum  of 
elevation,  the  smaller  amount  of  the  volcanic  activity  and 
the  nature  of  the  visible  species  of  rock.  Observations  con- 
fined to  single  countries  may  readily  lead  us  to  erroneous 
conclusions.  For  example,  in  the  part  of  Mexico  which 
lies  in  the  torrid  zone,  all  the  snow-covered  mountains, 
that  is  to  say  the  culminating  points  of  the  whole  country, 
are  certainly  volcanoes ;  and  this  is  also  usually  the  case 
in  the  Cordilleras  of  Quito,  if  the  dome-shaped  trachytic 
mountains,  not  opened  at  the  summit  (Chunborazo  and 
Corazon),  are  to  be  associated  with  volcanoes ;  on  the  other 
hand,  in  the  eastern  chain  of  the  Bolivian  Andes,  the 
highest  mountains  are  entirely  non-volcanic.  The  Nevados 
g£  Sorata  (21,292  feet),  and  Illimani  (21,153  feet)  consist  of 
giauwacke  schists,  whidi  are  penetrated  by  porphyritic 
mosses,^  in  which  (as  a  proof  of  this  penetration),  fragments 
€£  schist  are  enclosed.  In  the  eastern  Cordillera  of  Quito, 
south  of  the  parallel  of  1°  35'  the  high  summits  (Condorasto, 
Cuvillan,  and  the  Collanes)  lying  opposite  to  the  trachytes, 
and  also  entering  the  region  of  perpetual  snow,  are  also 
mica-slate  and  firestone.  Accordiiig  to  our  present  know- 
ledge of  the  mineralogical  nature  of  the  most  elevated  parts 

^  These  penetrating  porphyritic  masses  show  themselves  in  peculiar 
Tastness,  near  the  nUmani,  in  Cenipampa  (15,949  feet)  and  Totora- 
pampa  (13,709  feet);  and  a  quartzose  porphyry  containing  mica,  and 
enclosing  giunets  and  at  the  same  time  angular  fragments  of  silioious 
schist  forms  the  superior  dome  of  the  celebrated  argentiferous  Cerro  de 
Potosi  (Pentland  in  MSS.  of  1S32).  The  Blimani,  which  Pentland 
estimated  first  at  7315  (23,973  feet),  and  afterwards  at  6445  (21,139  feet) 
BBcires,  has  abo  been^  since  1347,  the  object  of  a  careful  measurement 
by  the  engineer  Pissis^  who,  on  the  occasion  of  his  great  trigonometrical 
sunrey  of  the  Llanura  de  Bolivia,  found  the  Tnimojii  to  be  on  the  ave- 
xage  6509  metres  (21,349  £eet>  in  height,  by  three  triangles  between 
Cfdamacca  and  La  Paz :  this  only  dilEara  about  64  metres  (210  feet)  from 
Pentland's  last  determination*  See  InveMtigueumu  Sobrt  la  AUiiud  de 
lo$  Andes,  in  the  Analet  de  OMU,  1852,  p.  217  and  221. 
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of  the  Himalaya,  which  we  owe  to  the  laeritorioas  labours 
of  B.  H.  Hodgson,  Jacquemont,  Joseph  Daltou  Hooka, 
Thomaon,  and  Henry  Stmchey,  tim  primarif  rockB,  bm  th^ 
were  f<mneFly  called,  granite,  gneiss  and  micflpBl&te,  ^pear  to 
be  Tisibte  here  also,  although  ti^ie  ki«  no  tiachy  tic  fbmationa. 
In  Bolivia,  Pentland  has  found  fbasl  shells  in  the  SiluriuL 
BchistB  on  the  Nevado  de  Antacau!^  17,483  feet  aboTe  the 
aea,  between  La  Paz  and  Potosi.  "iho  eoonnons  height  to 
wluch  from  the  testimonj  of  the  fosfoia  oollect«d  by  Abich 
from  Dagheatan,  and  by  myself  from  the  Fernviaa  Cocdil- 
leras  (between  GnamboB  tuid  Montao),  the  chalk  formation 
is  elevated,  reminds  ua  very  vividly  that  noB-Toieaoic  sedi- 
mentary strata,  full  of  orgaaic  remains,  and  not  to  be  con- 
founded with  volcaaio  touceons  strata,  show  themselves  in 
places  where  for  a  long  distance  around,  me]aphyres,trachyteB, 
doleiites,  and  other  pyroxeoic  rocks,  whicb  we  r^ard  as  the 
seat  of  the  apheaving,  urging  forces,  remain  concealed  in  the 
depths.  In  what  immeasurable  tracts  of  the  GordJll^itH  and 
the  distiicts  bordering  them  i^ott  the  east,  is  no  trace  of 
my  granitic  formation  visible  1 

The  frequency  of  the  eruptions  of  a  volcano,  appearii^ 
to  depend,  aa  I  have  already  repeatedly  observed,  upon  mol- 
ti&rious  and  Tery  complicated  cauaea,  no  general  l&w  eua 
safely  be  established  with  re^prd  to  the  relation  of  the  abso- 
lute elevation  to  the  fr^aency  and  degree  of  the  renewal  o£ 
combustion.  If  in  a  amall  group  the  comparison  of  Strom- 
bol^  YesuTius,  and  Etna,  may  mislead  us  into  the  beli^ 
that  the  number  of  eruptions  is  in  an  inverse  ratio  to  the 
elevation  of  the  volcanoes,  other  &ct3  stcnd  in  direct  ccm- 
tradiction  to  this  proposition.  Sartoriua  von  Waltershaosen, 
w&o  has  d(Hie  such  good  service  to  our  knowledge  of  Etna, 
remarks  that  on  the  average  furnished  by  the  last  few  centu- 
ces,  an  eruption  of  this  vucano  is  to  be  expected  every  six 
years,  whilst  in  Iceland,  where  no  part  of  the  island  is  really 
secure  from  destruction  by  submarine  fire,  the  eruptions  of 
Hecia,  which  is  5756  feet  lower,  are  only  observed  every  70 
or  SO  yeara."  The  gro*^  o£  volcanoes  of  Qwto  |HVsaLtB  a 
■tffl  laore  rvnnttable  contraBt.  The  vokano  of  Sangay, 
17,000  feet  in  b^^t,  is  far  more  active  thMi  the  little  amical 
mcAmtaia  StrtHuboli  (2958  feet)  j  it  is  of  all  known  voloa- 

"  SartoriuB  von  Waltershauaeii,  Skvnx  vim  lAmd,  a.  103  and  lOf. 
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noes  the  one  which  exhibits,  every  quarter  of  an  hour,  the 
greatest  quantity  of  fiery,  widely-lnminons  eruptions  of 
scorise.  Instead  of  losing  ourselves  in  hypotheses  upon 
the  causal  relations  of  inaccessible  phenomena,  we  will  rather 
dwell  here  upon  the  consideration  of  six  points  of  the  surface 
of  the  earth,  which  are  peculiarly  important  and  instructive 
in  the  history  of  volcanic  activity, — Stromholi,  the  Lycilm 
ChimcBray  the  old  volcano  of  Masaya,  the  very  recent  one 
of  Izalco,  the  volcano  JFoffO  on  the  Cape  Verd  Islands,  and 
the  colossal  Sangay, 

The  Chim<sra  in  Lycia,  and  StromholL  the  ancient  Stron- 
gyle,  axe  the  two  igneou7  manifestations  of  volcanic  activity, 
the  historic  proof  of  whose  permanence  extends  the  farthest 
back.  The  conical  hill  of  Stromboli,  a  doleritic  rock,  is 
twice  the  height  of  the  island  of  Volcano  (Hiera,  Thermessa), 
the  last  great  eruption  of  which  occurred  in  the  year  1775. 
The  uninterrupted  activity  of  Stromboli  is  compared  by 
Strabo  and  Pliny  with  tlmt  of  the  island  of  Lipari,  the 
ancient  Meligunis ;  but  they  ascribe  to  "  its  flame,"  that  is, 
its  erupted  scorise,  "a  greater  purity  and  luminosity,  with 
less  heat."  *  The  number  and  form  of  the  small  fiery 
chasms  are  very  variable.  Spallanzani's  description  of  the 
bottom  of  the  crater,  which  was  long  regarded  as  exaggerated 
has  been  completely  confirmed  by  an  experienced  geog- 
nosist,  Friedrich  Hoffmann,  and  also  very  recently,  by  an 
acute  naturalist,  A.  de  Quatrefages.  One  of  the  incandes- 
cent chasms  has  an  opening  of  only  20  feet  in  diameter ;  it 
resembles  the  pit  of  a  blast  furnace,  and  the  ascent  and 
overflow  of  the  fluid  lava,  are  seen  in  it  every  hour,  from  a 
position  on  the  margin  of  the  crater.  The  ancient,  perma- 
nent eruptions  of  Stromboli  still  sometimes  serve  for  the 
guidance  of  the  mariner,  and,  as  amongst  the  Greeks  and 
Romans,  afford  uncertain  predictions  of  the  weather,  by 
the  observation  of  the  direction  of  the  flame  and  of  the  ascend- 

^  Strabo,  lib.  vi,  p.  276,  ed.  Casaubon ;  Pliny,  Hist.  Nat.  iii,  9 : — 
"  Strongyle,  quae  a  Llpara  liquidiore  flaxnma  tantum  differt ;  e  cujui 
fumo  quinam  flaturi  sint  venti,  in  triduo  prsedicere  incolse  traduntur." 
See  also  Urlichs,  Vindicice  PliniancBf  1853^  Fasc.  i,  p.  39.  The  volcano 
of  Lipara  (in  the  north-eastern  part  of  the  island),  once  so  active^ 
appears  to  me  to  have  been  either  the  Monte  Campo  Bianco,  or  the 
Monte  di  Capo  Castagno.  (See  Hoffmann,  in  Poggend.  Annalen,  Bd.xxvi, 
I.  49—64.) 
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ing  oolnmu  of  vapotir.  Poljbin^  who  displays  a  singtilftrly 
exact  knowledge  of  the  state  of  the  crater,  connects  the 
multifarious  signs  of  an  approaching  change  of  wind,  with 
the  myth  of  the  earliest  sojourn  of  JBolus  upon  Strongyle, 
and  still  more  with  observations  upon  the  then  violent  fire 
upon  Volcano  (the  "  holy  island  of  Hephaestos").  The  fre- 
quency of  the  igneous  phenomena  has  of  late  exhibited  some 
irregularity.  The  activity  of  Stromboli,  like  that  of  Etnt:, 
according  to  Sartorius  von  Waltershausen,  is  greatest  in 
November  and  the  winter  months.  It  is  sometimes  inter^ 
rupted  by  isolated  intervals  of  rest ;  but  these,  as  we  leani 
from  the  experience  of  centuries,  are  of  very  short  dura- 
tion. 

The  Chinuera  in  Lycia,  which  has  been  so  admirably 
described  by  Admiral  Beaufort,  and  to  which  I  have  twice 
referred,**  is  no  volcano,  but  a  perpetual  burning  spring — a 

*^  Coamot,  vol.  i,  p.  220,  and  vol.  y,  p.  212.  Albert  Bei^g,  who  had 
previously  published  an  artistic  work,  Phytiognomie  der  Tropischen 
VegetaHon  von  SUdamerika,  yisited  the  Lycian  Chimeera,  near  Delik- 
tasch  and  Yanartasch,  from  Rhodes  and  the  Gulf  of  Hyra  in  1853. 
(The  Turkish  word  tdtch  signifies  stone,  as  ddgh  and  tdgh,  signify  mowi- 
tain;  ddiktatch  signifies  perforated  Hone,  from  the  Turkish,  delik,  a 
hole.)  The  traveller  first  saw  the  serpentine  rocks  near  Adrasan,  whUst 
Beaufort  met  with  the  dark-coloured  serpentine  deposited  upon  lime- 
stone, and  perhaps  deposited  in  it,  even  near  the  island  Qarabusa  (not 
Grambusa),  to  the  south  of  Cape  Chelidonia.  ''  Near  the  ruins  of  the 
ancient  temple  of  Vulcan  rise  the  remains  of  a  Christian  church  in  the 
later  Byzantine  style  :  the  remains  of  the  nave  and  of  two  side  chapels. 
In  a  f  ore-court,  situated  to  the  east,  the  flame  breaks  out  of  a  fire-place- 
like opening  about  2  feet  broad  and  1  foot  high  in  the  serpentine  rock. 
It  rises  to  a  height  of  3  or  4  feet  and  (as  a  naphtha-spring?)  diffuses  a 
pleasant  odour,  which  is  perceptible  to  a  distsince  of  40  paces.  Near 
this  large  flame,  and  without  the  chimney-like  opening,  numerous  very 
small,  constantly  ignited,  lambent  flames  make  their  appearance  from 
subordinate  fissures.  The  rock  which  is  in  contact  with  the  flame  is 
much  blackened,  and  the  soot  deposited  is  collected  to  alleviate 
smarting  of  the  eye-Uds  and  especially  for  colouring  the  eye-brows. 
At  a  distance  of  three  paces  from  the  flame  of  the  Chimasra  the  heat 
which  it  diffuses  is  scarcely  endurable.  A  piece  of  dry  wood  ignites 
when  it  is  held  in  the  opening  and  brought  near  the  flame  without 
touching  it.  Where  the  old  ruined  walls  lean  against  the  rock,  gas  alRO 
pours  forth  from  the  interstices  of  the  stones  of  the  masonry,  and  this, 
probably  from  its  being  of  a  lower  temperature  or  differently  composed 
does  not  ignite  spontaneously,  but  whenever  it  is  brought  in  contact 
with  a  light.  Eight  feet  below  the  great  flame  in  the  interior  of  the 
ruins  there  is  a  ''^und  opening,  6  feet  in  depth,  but  only  3  feet  wide, 
VOL.  V.  S 
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gas  spring  always  ignited  by  the  yolconic  actim'ty  of  the 
interior  of  the  eartk  It  was  visited  a  few  months  ago  bv 
a  talented  artist,  Albert  Berg,  for  the  purpose  of  making  a 
picturesque  survey  of  this  locality,  celebrated  even  in  periods 
of  high  antiquity  (since  the  times  of  Ctesias  and  Scylax  of 
Caryanda),  and  of  collecting  the  rocks  from  which  the 
ChimsBra  breaks  fortk  The  descriptions  of  Beaufort,  Pro< 
fessor  Edward  Forbes,  and  Lieutenant  Spratt  in  the  '^  Travels 
in  Lycia''  are  completely  oonfinned.  An  eruptive  mass  of 
serpentine  rock  penetrates  the  dense  limestone  in  a  ravine, 
which  ascends  fix>m  south-east  to  north-west.  At  the  north- 
western extremity  of  this  ravine,  the  serpentine  rock  is  cut 
off,  or  perhaps  only  concealed,  by  a  curved  ridge  of  limestone 
rocks.  The  fragments  brought  home  are  partly  green  and 
fresh,  partly  brown  and  in  a  weathered  state.  In  both 
serpentines  diallage  is  clearly  recognisable. 

The  volcano  of  Masaya,'^  the  fame  of  which  was  already 
widely  spread  in  the  beginning  of  the  16th  century,  und^ 
the  name  of  el  Infiemo  de  Ma%a/ifa^  and  gave  occasion  for 
reports  to  the  Emperor  Charles  V.,  is  situated  between  the 
two  lakes  of  Nicaragua  and  Managua,  to  the  south-west  of 
the  charming  Indian  village  of  Nindiri.  For  centuries  to- 
gether it  presented  the  same  rare  phenomenon  that  we  have 

whioh  was  probably  arched  oyer  formerly,  as  a  spring  of  water  breaks 
out  in  it  in  thn  wet  seasons,  near  a  fissure  oyer  which  a  small  flanie 
plays.*'  (From  the  trayeller's  manuscripts.)  On  a  plan  of  the  locality, 
Berg  shows  the  geographical  relations  of  the  alluyial  strata^  of  the 
(tertiary?)  limestone,  and  of  the  serpentine  rocks. 

^  The  oldest  and  most  important  notice  of  the  yolcano  of  Maaaya 
is  contained  in  a  manuscript  of  Oyiedo's,  first  edited  fourteen  years  ago 
by  the  meritorious  historical  compiler,  Temaux-Compans, — Mittoria  de 
Nicaragua  (cap.  y  to  z),  see  pp.  115 — 197.  The  French  translation 
forms  one  yolume  of  the  Voyages,  RdoLions  et  MSmoire$  Originaux  pour 
servir  d  VHUtoirt  et  d  la  DScouverte  de  VAmirique,  See  also  Lopez  de 
Qomara»  ffistoria  General  de  lat  Indtas  (Zaragoza,  1553),  fol.  ex,  b;  and 
amongst  thd  most  recent  works,  Squier.  Nicaraguaf  Us  People,  Scenery, 
and  Monuments,  1853,  yol.  i,  p.  211 — 223,  and  yoL  ii,  p.  17.  So  widely 
&med  was  the  incessantly  actiye  yolcano  of  Masaya,  that  a  specif 
monograph  of  this  mountain  exists  in  the  royal  library  at  Madrid, 
under  the  title  of  Entrada  y  DescvbrinUetUo  del  Volcan  de  Masaya, 
que  estd  en  la  Prov,  de  NuMragua,  fecha  por  Juan  Sanchez  dd 
Portero,  The  author  was  one  of  those  who  let  themselyes  down  into 
the  crater  in  the  wonderful  expeditions  of  the  Dominican  monk^  Fray 
Bias  de  Inepta  (Oyiedo,  Hist,  de  Nicaragua,  p.  HI). 
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described  in  the  volcano  of  Stromboli  Trom  tlie  mfirgui  of 
the  crater,  the  waves  of  fluid  lava,  set  in  motion  by  vapounf, 
were  seen  rising  and  Mling  in  the  incandescent  chasm.  The 
Spanish  historian,  Gonzalez  Fernando  de  Oviedo,  first 
ascended  the  Masaya  in  July  1529,  and  made  oompariscms 
with  Vesuvius,  which  he  had  previously  visited  (1501),  in 
the  suite  of  the  Queen  of  Naples  as  her  xefe  de  guardaropa. 
The  name  MMaya^  belongs  to  the  Chorotega  langjoage 
of  Nicaragua,  and  signifies  hwmimg  mountain.  The  volcano^ 
surrounded  by  a  wide  lava*field  (mal^a^s),  which  it  has 
probably  itself  produced,  was  at  that  time  reckoned  amongst 
the  mountain  group  of  the  ^'  nine  burning  Maribios.**  In  its 
«rdmary  condition,  says  Oyiedo,  the  Burfece  of  ti»e  Uyh. 
Upon  which  black  scorise  float,  stands  several  hundred  feet 
below  the  margin  of  the  crater ;  but  sometimes  the  ebullition 
is  suddenly  so  great,  that  the  lava  nearly  reaches  the  upper 
margin.  The  perpetual  luminous  phenomenon,  as  Oviedo 
definitely  and  acutely  states^  is  not  caused  by  an  actual 
flame,''  but  by  vapours  illuminated  from  below.  It  is  said  to 
have  been  of  such  intensity  that  on  the  road  from  the  volcano 
towards  Granada,  at  a  distance  of  more  than  three  leagues, 
the  illumination  of  the  district  wsa  almost  equal  to  that  of 
the  full  moon. 

Eight  years  after  Oviedo,  the  volcano  was  ascended  by 
the  Dominican  monk,  Fray  Bias  del  Castillo,  who  enter* 

'^  In  the  French  translation  of  Tarnanx-Ccmpans  (the  Spanish 
original  has  never  been  published),  we  find  at  pp.  123  and  132  : — "  It 
cannot,  however,  be  said  precisely  that  a  flame  issues  from  the  crater, 
but  a  smoke  as  hot  as  fire ;  it  is  not  seen  from  far  during  the  day,  but 
is  well  seen  at  nights  The  voleaBO  gives  as  much  light  as  the  moon  a 
few  days  before  it  is  at  the  full."  This  old  observation  upon  the  .jfo^ 
blematiciJ  mode  of  illumination  of  a  crater,  and  the  strata  of  air  lyiug^ 
above  i^  is  not  without  importance,  on  account  of  the  doubt,  so  often 
raised  in  recent  times,  as  to  the  disengagement  of  hydrogen  gas  from 
the  craters  of  volcanoes.  Although  in  the  ordinary  condition  here  indi> 
eated  the  ffell  q/Masapa  did  not  throw  oat  Bcorim  or  ashes  (Gk>mara 
adds,  eosa  que  hazen  otro9  voteanea),  it  has  nevertheless  sometimes  had 
true  eruptions  of  lava;  the  last  of  which  probably  occurred  in  the  year 
1670.  Since  that  date  the  volcano  has  been  quite  extinct,  after  a 
perpetual  luminosily  had  been  observed  for  140  years.  Stephens,  who 
ascended  it  in  1840,  found  no  perceptible  trace  of  ignition.  Upon  the* 
Chorotega  Unguage,  the  signification  of  the  word  Masaya^and  the  Mari- 
bios,  see  Buschmann's  ingenious  ethnographical  researohei^  Ueber  die 
AzUkiachen  Ortmamen,  s.  130, 140,  and  171. 
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tained  tlie  absurd  opinion  that  the  fluid  lava  in  the  crater 
was  liquid  gold,  and  associated  himself  with  an  equally  avari- 
cious Flemish  Franciscan,  Fray  Juan  de  Gandavo.  The 
pair  availing  themselves  of  the  credulity  of  the  Spanish 
settlers,  established  a  joint-stock  company  to  obtain  the 
metal  at  the  common  cost.  They  themselves,  Oviedo  adds 
satirically,  declared  that  as  ecclesiastics  they  were  free 
from  any  pecuniary  contributions.  The  report .  upon  the 
execution  of  this  bold  undertaking,  which  was  sent  to  the 
Bishop  of  Castilla  del  Oro,  Thomas  de  Verlenga,  by  Fray 
Bias  del  Castillo  (the  same  person  who  is  denominated  Fray 
Bias  de  Inesta  in  the  writings  of  Gomara,  Benzoni,  and 
Herrera),  was  only  made  known  (in  1840)  by  the  discovery 
of  Oviedo's  work  upon  Nicaragua.  Fray  Bias,  who  had  pre- 
viously served  on  board  ship  as  a  sailor,  proposed  to  imitate 
the  method  of  hanging  upon  ropes  over  the  sea,  by  which 
the  natives  of  the  Canary  Islands  collect  the  colouring  mat- 
ter of  the  Orchil  {Lichen  Boccelld),  on  precipitous  rocks. 
For  months  together  all  sorts  of  preparations  were  made,  in 
order  to  let  down  a  beam  of  more  tujan  30  feet  in  length,  by 
means  of  a  windlass  and  crane,  so  that  it  might  project  over 
the  deep  abyss.  The  Dominican,  his  head  covered  with  an 
iron  helmet  and  a  crucifix  in  his  hand,  was  let  down  with 
three  other  members  of  the  association  ;  they  remained  for 
a  whole  night  in  this  part  of  the  solid  crater  bottom,  from 
which  they  made  vain  attempts  to  dip  out  the  supposed 
liquid  gold  with  earthen  vessels,  placed  in  an  iron  pot. 
Not   to    frighten    the    shareholders    they    agreed**    that, 

^  **  The  three  companions  agreed  to  say  that  they  had  found  great 
rio^es;  and  Fray  Blaa,  whom  I  had  known  as  an  ambitious  man,  gives, 
in  his  relation,  the  oath  which  he  and  his  associates  took  upon  the 
Gospel,  to  persist  for  ever  in  their  opinion  that  the  volcano  contained 
gold  and  silver  in  a  state  of  fusion!"  Oviedo,  Descr.  de  Nicaraguay  cap.  x, 
pp.  186  and  196).  The  Cronista  de  las  Indias  is,  however,  very  indig- 
nant (cap.  5)  that  Fray  Bias  narrated  that  *^  Oviedo  had  begged  the  Hell 
of  Maisa^rafrom  the  Emperor  as  his  armorial  bearings."  Such  a  geog- 
nostic  memento  would  certainly  not  have  been  in  opposition  to  the 
heraldic  customs  of  the  period,  for  the  courageous  Diego  de  Ordaz,  who 
boasted  of  having  reached  the  crater  of  the  Popocatepetl  when  Cortez 
first  penetrated  into  the  valley  of  Mexico,  bore  this  volcano  as  an 
heraldic  distinction,  as  did  Oviedo  the  constellation  of  the  Southern 
Cross,  and  earliest  of  all  Columbus  {Exam.  crit.  t.  iv,  pp.  235 — ^240),  a 
fragment  of  a  map  of  the  Antilles. 
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when  they  were  drawn  up  again  they  should  say  that  they 
had  found  great  riches,  and  that  the  Infiemo  of  Masaya, 
deserved  in  &ture  to  be  called  el  Faraiso  del  Masaya,  The 
operation  was  afterwards  repeated  several  times,  until  the 
Governor  of  the  neighbouring  city  of  Granada,  conceived 
some  suspicion  of  the  deceit,  or  perhaps  of  a  fraud  upon  the 
revenue,  and  forbad  any  "  further  descents  on  ropes  into  the 
crater."  This  took  place  in  the  summer  of  1538 ;  but  in 
1551  Juan  Alvarez,  the  Dean  of  the  Chapter  of  Leon,  again 
received  from  Madrid  the  naive  permission  'Ho  open  the 
volcano,  and  procure  the  gold  that  it  contained."  Such  was 
the  popular  credulity  of  the  sixteenth  centxuy !  But  even  in 
Naples  in  the  year  1822,Monticelli  and  Covelli  were  obliged 
to  prove  by  chemical  analysis,  that  the  ashes  thrown  out 
from  Vesuvius  onthe  28th  October  contained  no  gold !  "^ 

The  volcano  of  Izalco,  situated  on  the  west  coast  of  Cen- 
tral America,  32  miles  northwards  from  San  Salvador,  and 
eastward  from  the  harbour  of  Sonsonate,  broke  out  1 1  years 
after  the  volcano  of  Jorullo,  deep  in  the  interior  of  Mexico. 
Both  eruptions  took  place  in  a  cultivated  plain,  and  after 
the  prevalence  of  earthquakes  and  subterranean  noises 
{bramidos)  for  several  months.  A  conical  hill  rose  in  the 
Llano  de  Izalco,  and  with  it  simultaneously  an  eruption  of 
lava  poured  from  its  summit  on  the  23rd  February,  1770.  It 
still  remains  undecided,  how  much  is  to  be  attributed,  in  the 
rapidly  increasing  height,  to  the  upheaval  of  the  soil,  and 
how  much  to  the  accumulation  of  erupts  scoriie,  ashes  and 
tufa-masses ;  only  this  much  is  certain,  that  since  the  first  erup- 
tion, the  new  volcano,  instead  of  soon  becoming  extinguished 
like  Jorullo,  has  remained  uninterruptedly  active,  and  often 
serves  as  a  beacon  light  for  mariners  near  the  landing  place 
in  the  Bay  of  Acajutla.  Four  fieiy  eruptions  are  counted 
in  an  hour,  and  the  great  regularity  of  the  phenomenon  has 
astonished  its  few  accurate  observers.'*  The  violence  of  the 
eruptions  was  variable,  but  not  the  time  of  their  occurrence. 
The  elevation  which  the  volcano  of  Izalco  has  now  attained 
since  the  last  eruption  of  1825,  is  calculated  at  about  1600 
feet,  nearly  the  same  as  the  elevation  of  Jorullo  above  the 

"  Humboldt,  Views  of  Nature,  p.  368. 

^  Squier,  Nioouragua,  iU  People  and  Monuments,  vol.  ii,  p.  104.  (John 
Bailey,  Central  America,  1850,  p.  75). 
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onginal  calidYaied  plain;  but  almost  four  times  that  of 
the  crater  of  eleyation  (Monte  Kuoyo)  in  the  PhlegrsBan 
JE^elds,  to  which  Seaochi^  ascribes  a  he%ht  of  432  feec 
irom  accurate  measttrement.  The  permanent  aotirii^  of 
the  rolcano  of  Izalco,  which  was  long  considered  as  a 
safety-valve  for  the  neighbourhood  of  San  Salvador,  did 
not  however  preserve  the  town  from  complete  destraetion 
on  Easter  eve  in  this  year  (1854). 

One  of  the  C^m  Verd  Islands,  which  rises  between  S.  Jago 
and  Brava,  eariy  received  from  the  Fortugueae  the  name  of 
llha  do  FogOj  because,  Mke  Stromboli,  it  produced  fire  uninter- 
mptedly  from  1680  to  1713.  After  a  long  repose,  the  vol- 
cano of  this  island  resumed  its  activity  in  the  summer  of 
the  year  1798,  soon  after  the  last  lateral  eruption  of  the 
Peak  of  Teneriffe  in  the  crater  of  Chahorra,  which  is  errone- 
ously denominated  the  volcano  of  Ghahona  as  if  it  were  a 

The  most  active  of  the  South  American  volcanoes,  and 
indeed  of  all  those  which  I  have  here  specially  indicated,  is 
the  Sangaif,  which  is  also  called  the  Volcan  de  Macagy  because 
the  remains  of  this  ancient  city,  so  populous  in  t^e  early 
peniod  of  the  Oonquista,  are  situated  upon  the  Kao  TJpano, 
<mly  28  geog.  miles  to  the  south  of  it.  The  colossal  mountain, 
17,128  feet  in  height,  has  risen  on  the  eastern  declivity  of 
the  eastern  Cordillera^  between  two  systems  of  tributaries  of 
the  Amazons,  those  of  the  Fastaza  and  the  Upano.  The 
grand  and  unequalled  fiery  phenomenon  which  it  now  ex- 
hibits, appears  only  to  have  commenced  in  the  year  1728. 
During  the  astrcmomical  measurements  of  degrees  by  Bou- 
guer  and  La  Condamine  (1738  to  1740),  the  &mgay  served 
as  a  perpetual  fire  signal'^  In  the  year  1802,  I  myself 
heard  its  thimder  for  months  together,  especially  in  the 
early  morning,  in  Ohillo,  the  pleasant  country  seat  of  the 
Marquis  de  Selvalegre  near  Quito,  as  half  a  century  pre- 
viously, Don  Jorge  Juan  had  perceived  the  nmquidot  del 

V  Memori*  ffeoloffich$  a/uUa  Campania,  1849,  p.  61.  I  fotmd  the 
height  of  the  Tolcaoo  of  Jorullo  to  be  1682  feet  above  the  plam  in 
which  it  rose,  and  4266  feet  above  the  <ea-leyel. 

^  La  Condamine,  Jownud  du  Voyage  d  VEquattwr,  p.  168 ;  and  in 
the  Memre  de  Ti'ois  Degr4s  de  la  M4ridimne  de  VHiii^h^e  AuetroL 
p.  56. 
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Sangay^  somewliat  further  towards  the  north-east,  near 
Pintac,  at  the  foot  of  the  Antisana.^  In  the  years  1842 
and  1843,  when  the  eruptions  were  associated  with  most 
noise,  the  latter  was  heard  most  distinctly  not  only  in  the 
harbour  of  Guayaquil,  but  abso  further  to  the  south  along 
the  coast  of  the  Pacific  Ocean,  as  far  as  Payta  and  San 

*•  In  the  cotintry  house  of  the  Marquis  of  Selvalegre,  the  father  of  my 
unfortunate  compADion  and  friend,  Don  Carlos  Montufar,  one  waa  often 
inclined  to  ascribe  the  IrvmddoB,  which  resembled  the  di8chat*ge  of  a 
distant  battery  of  heavy  artillery,  and  which  with  the  same  wind,  the 
same  cleamess  of  the  atmosphere  and  the  same  temperature,  were  so 
erttemely  unequal  in  their  intensity,  not  to  the  Sangay,  but  to  the  Quaca- 
mayo,  a  mountain  forty  miles  nearer,  at  the  foot  of  which  a  road  leads 
from  Quito,  over  the  Hacienda  de  Antisana  to  the  plains  of  Archidona 
and  the  Bio  Kapo.  (See  my  special  map  of  the  province  Quixoa, 
No.  23  of  my  Atlas  gSogr.  et  phys.  de  tAmSriquey  1814 — 1834).  Don 
Joi^e  Juan,  who  heard  the  Sangay  thundering  when  closer  to  it  than  I 
have  been,  says  decidedly  that  the  bramidot,  which  he  calls  ronquidos 
del  Volccm  {Rdaeion  dd  Viag$  d  la  America  Meridional^  pt.  i,  t.  2, 
p.  569),  and  perceived  in  Pintac,  a  few  miles  &om  the  Hacienda  de 
Chillo,  belong  to  the  Sangay  or  Yolcan  de  Macas,  whose  voice,  if  I  may 
make  use  of  the  expression,  is  very  characteristic.  This  voice  appeared 
to  the  Spanish  astronomer  to  be  peculiarly  harsh,  for  which  reason  he 
calls  it  a  snore  {wn,  ronqmdo)  rather  than  a  roar  (htamdo).  The  very 
disagreeable  noife  of  the  volcano  Piohincha,  which  I  have  frequently 
heard  at  night  in  the  city  of  Quito,  without  its  being  followed  by  any 
earthquake,  has  something  of  a  clear  rattling  sound  as  though  chains  were 
rattled,  and  masses  of  glass  were  falling  upon  each  other.  On  the  Sangay, 
Wisse  describes  the  noise  to  be,  sometimes  like  rolling  thunder,  some- 
times  distinct  and  sharp,  as  if  one  were  in  the  vicinity  of  platoon  firing. 
Flayta  and  San  Buenaventura  {in  the  Choco)  where  the  bramidos  of  the 
Sangay,  that  is  to  say,  its  roaring,  were  heard,  are  distant  from  the 
summit  of  the  volcano  in  a  south-western  direction,  252  and  348  geog. 
miles.  (See  Carte  de  la  Prov.  Du  (JhocOy  and  Carte  kypiomitrique  dee  Cor- 
dilliree,  Nos.  23  and  3  of  my  Atlas  OSogr.  et  Physique).  Thus,  in  this 
mighty  spectacle  of  nature,  reckokiing  in  the  Tungurahua  and  the  Coto- 
paxi,  whieh  is  nearer  to  Quito,  and  the  roar  cf  which  I  heard  in 
February,  1803,  in  the  Pacific  Ocean  (Kleinere  Schriften,  Bd.  i^  s.  384), 
the  voices  of  four  volcanoes  are  perceived  at  adjacent  points.  The 
ancients  also  mention  *'  the  difference  of  the  noise,"  emitted  at  different 
times  on  the  ufiolian  Islands  by  the  same  fiery  chasm  {Strabo,  lib.  vi. 
p.  276).  During  the  great  eruption  (23rd  January,  1835)  of  the 
volcano  of  Conseguina,  whieh  is  situated  on  the  coast  of  the  Pacific,  at 
the  entrance  of  the  Bay  of  Fonseca,  in  Central  America,  the  subterranean 
propagation  of  the  sound  was  so  great,  that  it  was  most  distinctly  per- 
ceived on  the  plateau  of  Bogota,  at  a  distance  equal  to  that  from  Etna 
to  Hamburgh  (Acosta,  Viajet  denHficos  de  M,  BoussingauU  d  los  Andes, 
1849, 8.  56). 
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Buenaventnra,  at  a  distance  equal  to  that  of  Berlin  from 
Basle,  the  Pyrenees  from  Fontaineblean,  or  London  from 
Aberdeen.  Although,  since  the  commencement  of  the. pre- 
sent century,  the  volcanoes  of  Mexico,  New  Granada,  Quito, 
Bolivia,  and  Chili  have  been  visited  by  some  geognosists,  the 
Sringay,  which  exceeds  the  Tungurahua  in  elevation,  has  un- 
fortunately remained  entirely  neglected,  in  consequence  of 
its  solitary  position,  at  a  distance  from  all  roads  of  commu- 
nication. It  was  only  in  December  1849  that  an  adventurous 
and  highly  informed  traveller,  Sebastian  Wisse,  after  a- sojourn 
of  five  years  on  the  chain  of  the  Andes,  ascended  it,  and 
nearly  reached  the  extreme  summit  of  the  snow-covered,  pre- 
cipitous cone.  He  not  only  made  an  accurate  chronometric 
determination  of  the  wonderful  frequency  of  the  eruptions, 
but  also  investigated  the  nature  of  the  trachyte  which,  con- 
fined to  such  a  limited  space,  breaks  through  the  gneiss.  As 
has  al/eady  been  remarked,^  267  eruptions  were  counted  in 
one  hour,  each  lasting  on  an  aveiage  13'^ 4,  and,  which  is 
very  remarkable,  un:iccompanied  by  any  concussion  percep- 
tible on  the  ashy  cone.  The  erupted  matter,  enveloped  in 
much  smoke,  sometimes  of  a  gray  and  sometimes  of  an 
orange  colour,  is  principally  a  mixture  of  black  ashes  and 
rapilH,  but  it  also  consists  partly  of  cinders,  which  rise  per- 
pendicularly, are  of  a  globular  form  and  a  diameter  of  15  or 
16  inches.  In  one  of  the  more  violent  eruptions,  however, 
Wisse  counted  only  50  or  60  red  hot  stones  as  being  simul- 
taneously thrown  out.  They  usually  fall  back  again  into 
^ihe  crater,  but  sometimes  they  cover  its  upper  margin,  or 
/isible  by  their  luminosity  at  a  distance,  glide  down  at  night, 
upon  a  portion  of  the  cone,  which,  when  seen  from  a  great 
way  off,  probably  gave  origin  to  the  erroneous  notion  of  La 
Condamine,  "  that  there  was  an  efFusion  of  burning  sulphur 
and  bitumen."  The  stones  rise  singly  one  after  the  other,  so 
that  some  of  them  are  falling  down,  whilst  others  have  only 
just  left  the  crater.  By  an  exact  determination  of  time,  the 
visible  space  of  falling  (calculat,ed  therefore  to  the  margin  of 
the  crater)  was  ascertained  to  be  on  the  average  only  786 
feet.  On  Etna,  according  to  the  measurements  of  Sartorius 
von  Waltershausen  and  the  astronomer  D.  Christian  Peters, 
the  ejected  stones  attain  an  elevation  of  as  much  as  2665 

^  Cotmos^  see  page  182. 
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feet  above  the  walls  of  the  crater.  Gemellaro's  estmates 
during  the  eraption  of  Etna  in  1832,  gave  even  three 
times  this  elevation !  The  blacky  erupted  ashes  form  layers 
of  three  or  four  hundred  feet  in  thickness  upon  the  decli- 
vities of  the  Sangay  for  a  circle  of  nearly  fourteen  miles  in 
circumference.  The  colour  of  the  ashes  and  rapilli  gives  the 
upper  part  of  the  cone  a  fearfully  stem  character.  We  must 
here  again  call  attention  to  the  colossal  size  of  this  volcano, 
which  is  six  times  greater  than  that  of  Stromboli,  as  this 
consideration  is  strongly  in  opposition  to  the  absolute  belief 
that  the  lower  volcanoes  always  have  the  most  frequent 
eruptions. 

The  grouping  of  volcanoes  is  of  more  importance  than 
their  form  and  elevation,  because  it  relates  to  the  great 
geological  phenomenou  of  upheaval  upon  fissures.  These 
groups,  whether  according  to  Leopold  von  Buch,  they  rise  in 
lines,  or  united  around  a  central  volcano,  indicate  the  parts 
of  the  crust  of  the  earth,  where  the  eruption  of  the  fused 
-interior  has  found  the  least  resistance,  in  consequence  either 
of  the  reduced  thickness  of  the  rocky  strata,  of  their  natural 
structure,  or  of  their  having  been  originaUy  fissured.  Three 
degrees  of  latitude  are  occupied  by  the  space  in  which  the 
volcanic  energy  is  formidably  manifested  in  Etna,  in  the 
.^^Solian  Islands,  in  Vesuvius,  and  the  parched  land  (the  Phle* 
grsean  Fields)  from  Puteoli  (Dicsearclua)  to  Gumas,  and  as  far 
as  the  fir^vomiting  Epopeus  on  Ischia,  the  Tyrrhenian  idand 
of  Apes,  j^SjOLorisk,  Such  a  connexion  of  analogous  phenomena 
could  not  escape  the  notice  of  the  Greeks.  Strabo  says, ''  The 
whole  sea  commencing  from  Gumse  as  £ax  as  Sicily  is  pene- 
trated  by  fire,  and  has  in  its  depths  certain  conduits  coi^u- 
nicating  with  each  other  and  with  the  continent."'   In  such  a 

'^  See  Strabo,  lib.  v,  p.  248,  Casaubon :— exct  KoiKioQ  r'tvac ;  and 
lib.  vi,  p.  276.  Upon  a  double  mode  of  production  of  islands  the 
geographer  of  Amasia  expresses  himself  {v\,  p.  258)  with  much  geolo- 
gicsd  acumen.  "  Some  islands,"  says  he  (and  he  names  them),  **  are 
fragments  of  the  mainland ;  others  have  proceeded  from  the  sea,  as  still 
happens.  For  the  islands  of  the  high  sea  (those  which  lie  far  out  in 
the  sea)  were  probably  upheaved  from  the  depths ;  whilst,  on  the  con- 
trary, it  is  more  reasonable  to  consider  those  situated  at  promontories 
and  separated  by  a  strait,  as  torn  from  the  mainland."  The  small  group 
of  the  Pithecusse  consists  of  Ischia,  originally  called  iBnaria,  and  Procida 
(Prochyta).  The  reason  why  this  group  was  considered  to  be  an  ancient 
habitation  of  apes^  why  the  Greeks  and  the  Italian  Tyrrhenians^  conse- 
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(combustible)  nature,  as  aU  describe  it,  appear,  not  only  Etna, 
bat  also  the  districts  around  Dicsearchia  and  Naples,  and 
around  Baifls  and  Fithecusa ;"  and  from  this  arose  the  &ble 
that  Typhon  lay  under  Sicily,  and  tJbat^  when  he  turned  him- 
self, flames  and  water  burst  forth,  nay  sometimes  even  small 
islands  with  boiling  water.  ^  Frequently  between  Strongyle 
and  Lipara  (in  this  wide  district)  flames  have  been  seen  burst- 
ing forth  at  the  surface  of  the  sea,  the  fire  opening  itself  a 
passage  out  of  the  cavities  in  the  depths  and  pressing  upwards 
with  force.**  According  to  Pindeu:**  the  body  of  Typhon  is  of 

quently  EtruEfcans^  gave  it  such  a  name  (apes  were  called  apifioif  in  tbe 
Tyrrhenian ;  Strabo,  lib.  ziii,  p.  626)  remains  very  obscure^  and  is  per- 
haps connected  with  the  myth,  according  to  which  the  old  inhabitants 
were  transformed  into  apes  by  Jupiter.  The  name  of  the  apea^  apifioi, 
might  relate  to  Arima  or  Arimer  of  Homer  (Ilmd,  u,  783)  and  Hesiod 
{Theog.  v.  301).  The  words  tiv  'Apifioig  of  Homer,  are  contracted  into 
one  word  in  some  codices,  and  in  this  contracted  form  we  find  the 
name  in  the  Roman  writers  (Virgil,  JBneid,  is,  716;  Ovid,  Mtta- 
tnorph,  xiv,  88).  Pliny  {But,  Nat.  iii,  5)  even  says  decidedly  >— 
**  .^naria,  Homero  Inarime  dicta,  Grsecis  Fithecusa.'*  .... 
The  Homeric  country  of  the  Arimer,  Typhon's  resting-place,  was 
sought,  even  in  ancient  times  in  Cilicia,  Mysia,  Lydia,  in  the  volcanic 
Pithecuss,  at  the  crater  Puteolanus,  and  in  the  Phrygian  Phlegrssa^ 
beneath  which  Typhon  once  lay,  and  even  in  the  Katakekaumene. 
That  apes  should  have  lived  within  historical  times  upon  Ischia,  at  such 
a  distance  from  the  African  coast  is  the  more  improbable,  because,  as 
I  have  already  observed  elsewhere,  the  ancient  presence  of  the  apes 
upon  the  Rock  of  Gibraltar  does  not  appear  to  be  proved,  since  Edrisi 
(in  the  12th  century)  and  other  Arabian  geographers,  who  describe  the 
Straits  of  Hercules  in  such  detail,  do  not  mention  Uiem.  Pliny  also 
denies  the  apes  of  ^naria,  but  derives  the  name  of  the  Pithecusse  in  a 
most  improbable  manner  from  7n0ost  dolium  {a  figlinU  doUorum). 
'*  It  appears  to  me,"  says  Bockh,  "  to  be  the  main  point  in  this  investi- 
gation, that  Inarima  is  a  name  of  the  PithecussB  produced  by  learned 
interpretation  and  ficticm,  just  as  Coroyra  became  Soheria ;  and  that 
.dSneas  was  probably  only  connected  with  the  Pithecuse  (^nese 
insulffi)  by  the  Romans,  who  find  their  progenitors  everywhere  in 
these  regions.  Nsevius  also  testifies  to  their  connection  with  ^neas  in 
the  first  book  of  the  Punic  War.'* 

«  Pind.  Pyth,  i,  81.  See  Strabo,  v,  pp.  246  and  248,  and  xiii,  p.  627. 
We  have  already  observed  {Cosmog,  vol.  v,  p.  208),  that  Typhon  fled 
from  the  Caucasus  to  Lower  Italy,  as  though  the  myth  would 
indicate  that  the  volcanic  eruptions  in  the  latter  count^  were  of 
less  antiquity  than  those  upon  the  Caucasian  Isthmus.  The  consi- 
deration of  mythical  views  in  popular  belief  cannot  be  separated  either 
from  the  geography  or  the  history  of  volcanoes.  The  two  often  reci- 
procally illustrate  each  other.     That  which  was  regarded  upon  the 
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such  extent  that  '^  Sicily  and  tbe  seargirt  heights  above 
CuiD»  (called  Phl^ra,  or  the  burnt  field,)  lie  upon  the 
shaggy  breast  of  the  monster.** 

Thus  Typhon  (the  raging  Enceladus)  iras,  in  the  popular 
heaxsj  of  the  Greeks,  the  mjrthical  symbol  of  the  unknown 
cause  of  yoloanic  phenomena  lying  deep  in  the  interior  of 
the  eartk  "By  l^e  pomt»on  and  the  space  which  he  occupied 
were  indicated  the  limitation  and  the  co-operation  of  parti- 
cular Tolcanic  systems.  In  the  fanciful  geological  picture  of 
the  interior  of  the  earth,  in  the  great  contemplation  of  the 

surfaee  of  the  earth  as  the  mightiest  of  moying  forces  (Aristotle, 
Meteorol.  ii,  8,  3),  the  wind,  the  inclosed  pnefiMna,  wta  recognised  as  the 
nnirersal  cattse  of  yuloanicity  (of  fire-vomiting  mountains  and  earth- 
quakes). Aristotle's  contemplation  of  nature  was  founded  upon  the 
mutual  action  oi  the  external  and  the  internal  subterranean  air,  upon 
a  theory  of  transpiration,  upon  differences  of  heat  and  cold,  moisture 
and  di^ess  (Aristotle,  Meteor,  ii,  8, 1,  25,  31,  and  ii,  9,  2).  llie  greater 
the  mass  of  the  wind  inclosed  ''in  subterranean  and  submarine  pas- 
sages," and  the  more  it  is  obstructed  in  its  natural,  essential  prop^iy  of 
moving  far  and  quickly,  the  more  violent  are  the  eruptions.  **  Vis 
fera  ventorum,  csecis  inclusa  ca^emis"  (Ovid,  Metwinorph,  xv,  299). 
Between  the  wind  and  the  fire  there  is  a  peculiar  relation.  (Td  vvp 
hrav  fitrd,  irvivfiaTog  y,  yivirai  ^\d^  icai  ^kp^rai  raxiwc ;  Aristotle, 
MeteoroL  h,  8,  8. — rai  ydp  rd  vvp  olov  Tvtvuaroq  ng  ^iaiQ ;  Theo- 
plmtstus,  be  Iffne,  §  80,  p.  715).  The  wind  (pneunta)  suddenly  set 
free  from  the  clouds,  seiidB  the  consuming  and  widely  laminous 
lightning  flash  {wpti<TTfip).  **  In  the  Phlegrsea»  the  Eatakekaumene  of 
Lydia,"  says  Strabo  (lib.  xiii,  p.  628),  ''three  chasms,  fully  forty 
stadia  from  each  other,  are  still  shown,  which  are  called  the  wind- 
bags; above  them  lie  rough  hills,  which  are  probably  piled  up  by  the 
red-hot  masses  blown  up.**  He  had  already  stated  (lib.  i,  p.  57)  'Hhat 
between  the  Clyclades  (Thera  and  Therama)  fiames  of  fire  hvank  forth 
from  the  sea  for  four  days  together,  so  that  the  whole  sea  boiled  and 
burnt ;  and  an  island  composed  of  calcined  masses  was  gradually  raised 
as  if  by  a  lever."  AU  these  well  described  phenomena  are  ascribed 
to  the  compressed  wind,  aetmg  like  elastic  vapours.  Ancient  physical 
aeienoe  troubled  Itself  but  littie  about  the  peculiar  essentials  of  mate- 
rial bodies;  it  was  dynamic,  and  depended  on  the  measure  of  the  moving 
force.  We  find  the  opinion  that  the  inci'easing  heat  of  the  planet  with 
the  depth  is  the  cause  of  volcanoes  and  earthquakes,  first  expressed 
towards  the  close  of  the  third  centiuy  by  a  Christian  bishop  in  Africa 
under  Diodetian  (C7e«mo8,  vol.  v,  p.  196).  The  Pyriphlegethon  of 
Plato,  as  a  stream  of  fire  circulating  in  the  interior  of  tiiie  earth, 
noorifihes  all  lava-giving  volcanoes,  as  we  have  already  mentioned 
in  the  text  In  the  earliest  presentiments  of  humanity,  in  a  nan*ow 
circle  of  ideas,  lie  the  germs  of  that  which  we  now  think  we  may 
dxplaiti  under  the  form  of  other  symboU, 
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uniyerse  which  Plata  establishes  in  the  Fhsedo  (p.  112 — 
114)  this  co-operation  is  still  more  boldly  extended  to  all 
volcanic  systems.  The  lava-streams  derive  their  materials 
from  the  Pyriphlegethon,  which  "after  it  has  repeatedly 
rolled  around  beneath  the  earth,**  pours  itself  into  Tartaru& 
Plato  says  expressly  that  the  fire-vomiting  mountains,  wher- 
ever such  occur  upon  the  earth,  blow  upwards  small  portions 
from  the  Pyriphl^ethon  ("  ovro9  ^earlv  ov  iirotfofia^ovtri 
Ylvpi^XeydOovraj  ov  xal  oi  pvaxe^  diroaTrcurfiaTa  avaXpvffSxriv^ 
oTTff  av  Tvxi^<ri  T^«  T^^")*  This  expression  (p.  113  B.)  of  the 
expulsion  with  violence  refers  to  a  certain  extent  to  the 
moving  force  of  the  previously  enclosed  wind,  then  suddenly 
breaking  through,  upon  which  the  Stagirite  afterwards,  in 
the  Meteorology,  founded  his  entire  theoiy  of  vulcanicity. 

According  to  these  ancient  views  the  linear  arrangement  of 
volcanoes  is  more  distinctly  characterized  in  the  consideration 
of  the  entire  body  of  the  earth,  than  their  grouping  around  a 
central  volcano.  The  serial  arrangement  is  most  remarkable  in 
those  places  where  it  depends  upon  the  situation  and  exten- 
sion of  fissures,  which,  usually  parallel  to  each  other,  pass 
through  great  tracts  of  country  in  a  linear  direction  (like 
Cordilleras).  Thus,  to  mention  only  the  most  important 
series  of  closely  approximated  volcanoes,  we  find  in  the 
new  continent  those  of  Centrtd  America^  with  their  appen- 
dages in  Mexico ;  those  of  New  Qranada  and  Quito,  oi  Peru, 
Bolivia^  and  Chili ;  in  the  old  continent  the  Sunda  Islands 
(the  Indian  Archipelago,  especially  Java),  the  peninsula  of 
Kamtschatka  and  its  continuation  in  the  Kwrile  Islands, 
and  the  Aleutian  Islands,  which  bound  the  nearly  closed 
Behring's  Sea  on  the  south.  We  shall  dwell  upon  some  of 
the  principal  groups ;  individual  details,  by  being  brought 
together,  lead  us  to  the  causes  of  phenomena. 

The  linear  volcanoes  of  Central  America,  according  to  the 
older  denominations  the  volcanoes  of  Costa  Rica,  Nicaragua, 
San  Salvador,  and  Guatemala,  extend  from  the  volcano 
Turrialva  near  Cartago  to  the  volcano  of  Soconusco,  over 
six  degrees  of  latitude^  between  10^  9  and  16°  2,  in  a  line 
the  general  direction  of  which  is  from  S.E.  to  N.W.,  and 
which,  with  the  few  curvatures  which  it  undergoes,  has  a 
length  of  540  geog.  miles.  This  length  is  about  equal  to  the 
distance  from  Vesuvius  to  Prague.     The  most  closely  ap- 


TBUE  VOLCJU?OES.  S6d 

proximated  of  them,  as  if  tbej  had  broken  out  upon  one 
and  the  same  fissure  only  64  miles  in  length,  are  the  eight 
YolcanoeSy  situated  between  the  Laguna  de  Managua  and 
the  Bay  of  Fonseca,  between  the  volcano  of  Momotombo 
and  that  of  Conseguina^  the  subterranean  noise  of  which 
was  heard  in  Jamaica  and  on  the  highlands  of  Bogota  in 
the  year  1835  like  the  fire  of  artillery.  In  Central  America 
and  the  whole  southern  part  of  the  new  continent,  and 
generally  from  the  Chonos  Archipelago  in  Chili  to  the  most 
northern  volcanoes  of  Mount  Edgecombe  on  the  small  island 
near  Sitka,''  and  Mount  Elias  on  Prince  William's  Sound,  for 
a  length  of  6400  geog.  miles,  the  volcanic  fissures  have  every- 
where broken  out  in  the  western  part,  or  that  nearest  to  the 
Pacific  Ocean.  Where  the  line  of  the  Central  American  vol- 
canoes enters  with  the  volcano  of  Conchagua  into  the  stat-e 
of  San  Salvador,  in  the  latitude  of  13^°  (to  the  north  of 
the  Bay  of  Fonseca)  the  direction  of  the  volcanoes  changes 
at  once  with  that  of  the  west  coast.  The  series  of  the 
foimer  then  strikes  KS.E. — ^W.N.W. ;  indeed,  where  the 
burning  mountains  are  again  so  closely  approximated  that 
five,  still  more  or  less  active,  are  counted  in  the  short  dis- 
tance of  120  miles,  the  direction  is  nearly  K — W.  This 
deviation  corresponds  with  a  great  dilatation  of  the  conti- 
nent towards  the  east  in  the  peninsula  of  Honduras,  whero 
the  coast  tends  also  suddenly,  exactly  east  and  west,  from 
Cape  Gracias  si  Dios  to  the  Gulf  of  Amatique  for  300  miles, 
after  it  had  been  previously  running  from  north  to  south 
for  the  same  distance.  In  the  group  of  elevated  volcanoes 
of  Guatemala  (lat.  14^  10')  the  series  again  acquires  its  old 
direction,  N.  45°  W.,  which  it  continues  as  fi&r  as  the  Mexi- 
can boundary  towards  Chiapa  and  the  isthmus  of  Huasa- 
cualco.    North-West  of  the  volcano  of  Soconusco  to  that 

*>  Mount  Edgecombe,  or  the  St.  Lazarus  mountain,  upon  the  small 
island  (Croze's  Island,  near  lisiansky),  which  is  situated  to  the  west- 
ward, near  the  northern  half  of  the  larger  island  Sitka  or  Baranow,  iit 
Norfolk  Sound,  was  seen  by  Cook,  and  is  a  hill  partly  composed  of 
basalt  abounding  in  olivine,  and  partly  of  felspathio  trachyte.-  Its 
height  is  only  2770  feet.  Its  last  great  eruption,  which  produced 
much  pumice-stone,  was  in  the  year.  1796  (Lutk^,  Voyage  autovr 
d»  Monde,  1836,  t.  ill,  p.  15).  Eight  years  afterwards  Captain  Lisiansky 
reached  the  summit,  which  contains  a  crater-lake.  He  found  at  that 
time  no  signs  of  activity  anywhere  on  ihe  mountain. 
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of  Tuxila,  ikot  eyen  an  extinct  trachytic  cone  lias  been 
discovered ;  in  this  quarter,  granite  abounding  in  quartz 
and  mka-Bchist  predomiiiAte. 

The  volcanoes  of  Central  America  do  not  crown  the  ad- 
jacent mountain  chains,  but  rise  along  the  foot  of  the 
latter,  usually  completely  separated  from  each  other.  The 
greatest  elevations  lie  at  the  two  extremities  of  the  series. 
Towards  the  South,  in  Costa  Rica,  both  seas  are  visible 
from  the  summit  of  the  Irasu  (the  volcano  of  Cartago), 
to  which,  besides  its  elevation  (11,081  feet),  its  central 
position  contributes.  To  the  south-«ast  of  Cartago  there 
stand  mountains  of  ten  or  eleven  thousand  feet:  the 
Ohiriqui  (11,262  feet)  and  the  Pico  Blanco  (11,740  feet). 
We  know  nothing  of  the  nature  of  their  rock^  but  they 
are  probably  imopened  trachytic  cones.  Further  towards 
the  south-east,  the  elevations  diminish  in  Yeragua  to  six 
and  five  thousand  feet.  This  appears  also  to  be  the 
average  height  of  the  volcanoes  of  Nicaragua  and  San  Sal- 
vador; but  towards  the  north-western  extremity  of  the 
whole  series,  not  far  from  the  new  city  of  Guatemala,  two 
volcanoes  again  rise  above  13,000  feet.  The  maxima  con* 
sequently  fell  into  the  third  ^roup  of  my  attempted  hyp- 
sometric classification  of  volcanoes,  coinciding  with  Etna 
and  the  Peak  of  Tenerifie,  whilst  the  greater  number  of 
the  heights  lying  between  the  two  extremities,  scarcely 
exceed  Vesuvius  by  2000  feet.  The  volcanoes  of  Mexico, 
New  Granada,  and  Quito  belong  to  the  fifth  group,  and 
usually  attain  an  elevation  of  more  than  17,000  feet. 

Although  the  continent  of  Central  America  increases 
considerably  in  breadth  from  the  isthmus  of  Panama, 
through  Yeragua^  Costa  Bica»  and  Nicaragua,  to  the  lati- 
tude of  11 7°,  the  great  area  of  the  lake  of  Nicaragua  and 
the  small  elevation  of  its  surfiu^e  (scarcely  128  feet^  above 
the  two  seas),  gives  rise  to  such  a  degra(k>tion  of  the  land 
exactly  in  this  district,  that  by  it  an  overflow  of  air  from 
the  Caribbean  Sea  into  the  Great  South  Sea  is  often  caused, 
bnnging  danger  to  the  voyage  in  the  so-called  Pacific 

**  Even  under  the  Spanjah  Government  in  1781,  the  Spanish  engi- 
neer, Don  Jo8^  Galisteo,  had  found  for  the  surface  of  the  Laguna  of 
Nicaragua  an  elevation  only  six  feet  greater  than  that  given  by  BaUy  in  his 
different  levellings  in  1838  (Humboldt^  Rdation  ffutorique,  i,  iii,  p.  821), 
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Ocean*  The  north-east  storms  thus  excited  have  receiTed 
the  name  of  Papagayos,  and  sometimes  rage  without  inter- 
mission for  four  or  five  days.  They  have  the  remarkable 
peculiarity  that,  during  their  continuance  the  sky  usually 
remains  quite  cloudless.  The  name  is  borrowed  irom  the  part 
of  the  west  coast  c^  Nicaragua  between  Brito  or  Cabo 
Desolado  and  Punta  S.  Elena  (from  IP  22'  to  10*'  50'), 
which  is  called  Grolfo  del  Papagayo,  and  includes  the  small 
bays  of  Salinas  and  S.  Mena  to  the  south  of  the  Puerto 
de  San  Juan  del  Sur.  On  my  voyage  from  Guayaquil  to 
Acapulco,  I  was  able  to  observe  the  Pi^>agayos  in  all  their 
violence  and  peculiarity  for  more  than  two  whole  days 
(9th — Hth  March,  1803),  although  rather  more  to  the 
south,  in  less  than  9°  13'  i^  latitude.  The  waves  rose 
higher  than  I  have  ever  Sjeen  them  ;  and  the  coxustant  visi- 
bility of  the  disc  of  the  sun  in  the  bright,  blue  arch  of  hea- 
ven, enabled  me  to  measure  the  height  of  the  waves  by  alti- 
tudes of  the  sun  taken  upon  the  ridge  of  the  wave  and 
in  the  trough,  by  q,  method  which  .had  not  been  tried  at 
that  time.  All  Spanish,  English"^,  and  American  voyagers 
ascribe  the  above-described  storms  of  the  Southern  Ocean 
to  the  north-east  trade-wind  of  the  Atlantic. 

In  a  new  work"  which  I  have  undertaken  with  much 

••  See  Sir  Edward  Belcher,  Voyabge  roimd  the  Worlds  vol.  i,  p,  185. 
According  to  my  chronometric  longitude  I  was  in  the  Papagayo-storm 
19°  11'  to  the  west  of  the  meridian  of  Guayaquil,  and  consequently 
99°  9'  west,  and  880  miles  west  of  the  shore  of  Costa  Rica. 

^  My  earliest,  work  upon  seventeen  linear  volcanoes  of  Guatemala 
and  Nicaragua  is  contained  in  the  Geographical  Joumal  of  Bei^haus 
{ffertha,  Bd.  vi,  1826,  pp.  131—161).  Besides  the  old  Chronista 
Fuentes  (lib.  ix,  cap.  9)^  I  could  then  only  make  use  of  the  important 
work  of  Domingo  Juarros,  Compendio  de  la  Hiatoria  de  la  Oiudod  dc 
OuatemcUa,  and  of  the  three  maps  by  Galisteo  (drawn  in  1781,  at  the 
command  of  the  Mexican  Viceroy,  Matias  de  Galvez),  by  Jos^  Rossi  y 
Rubi  (Alcalde  Mayor  de  Guatemala,  1800),  and  by  Joaquin  Ysasi  and 
Antonio  de  la  Cerda  (Alcalde  de  Granada)  which  I  possessed  princi- 
pally in  manuscript.  In  the  French  translation  of  his  work  upon  the 
Canary  Islands,  Leopold  von  Buch  has  given  a  masterly  extension  of 
my  first  sketch  (De9cr,  Physique  dea  Ides  CanarieSf  1836,  pp.  500 — 514), 
but  the  uncertainty  of  geographical  synonyms  and  the  confusion  of 
names  caused  thereby  gave  rise  to  many  doubts,  which  have  been  for 
the  most  part  removed  by  the  fine  maps  of  BaQy  and  Saunders;  by 
Molina's  Bosquejo  de  la  Jtqpublica  de  Costa  Rica,  and  by  the  great  and 
very  meritorious  work  of  Squier  {Niccwagtua,  its  People  wnd  Motmments, 
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assiduity, — ^partly  from  materials  already  published,  and 
partly  from  manuscript  notes, — ^upon  the  linear  volcanoes 

vfith  Tables  of  the  Comparative  HeighU  of  the  MowUains  in  Central 
America,  1852,  yoI.  i,  p.  418,  and  vol.  ii,  p.  102).  The  important  work 
which  is  promised  us  by  Dr.  Oerstedt,  under  the  title  of  Schildenmg 
der  NatwrverhaUmne  von  Nicaragv^  und  Coeta  Rtca^  besides  the 
admirable  botanical  and  geological  discoveries  which  constitute  the 
primary  object  of  the  undertaking,  will  also  throw  light  upon  the 
geognostic  nature  of  Central  America.  Dr.  Oersted  passed  through 
that  region  in  various  directions  from  1846  to  1848,  and  brought 
back  a  collection  of  rocks  to  Copenhagen.  I  am  indebted  to  his 
friendly  communications  for  interesting  corrections  of  my  fragmen- 
tary work.  From  a  careful  comparison  of  the  materials  with  which  I 
am  acquainted,  including  those  collected  by  Hesse,  the  Prussian 
Consul-Oeneral  in  Centrid  America,  which  are  of  great  value,  I  bring 
together  the  volcanoes  of  Central  America  in  the  following  manner, 
proceeding  from  south  to  north : — 

Above  the  central  plateau  of  Cartago  (4648  feet),  in  the  republic  of 
Costa  Rica  (lat.  10°  90  rine  the  three  volcanoes  of  Turrialva,  Irasu,  and 
Reventado,  of  which  the  first  two  are  still  ignited. 

Volean  de  Twrrialva*  (height  about  11,000  feet)  is,  according  to 
Oersted,  only  separated  from  the  Irasu  by  a  deep,  narrow  ravine. 
Its  summit^  from  which  columns  of  smoke  rise,  has  not  yet  been 
ascended. 

The  volcano  Irasu*,  also  called  the  volcano  of  Cartago  (11,100  feet) 
to  the  north-east  of  the  volcano  Reventado,  is  the  principal  vent 
of  volcanic  activity  in  Costa  Rica,  but  still  remarkably  accessible, 
and  towards  the  south  divided  into  terraces  in  such  a  manner  that 
one  may  on  horseback,  almost  reach  the  elevated  summit,  from 
which  the  two  oceans,  the  sea  of  the  Antilles  and  the  Pacific,  may  be 
Been  at  once.  The  cone  of  ashes  and  rapilli,  which  is  about  a  thou- 
sand feet  in  height,  rises  out  of  a  wall  of  circumvallation  (a  crater  of 
elevation).  In  the  flatter,  north-eastern  part  of  the  summit,  lies  the 
true  crater,  of  7500  feet  in  circumference,  which  has  never  emitted 
lava-streams.  Its  eruptions  of  scoriae  have  often  (1723,  1726,  1821, 
1847)  been  accompanied  by  destructive  earthquakes,  the  effect  of 
which  has  been  felt  from  Nicaragua  or  Rivas  to  Panama  (Oersted). 
During  a  very  recent  ascent  of  the  Irasu,  in  the  beginning  of  May, 
1855,  by  Dr.  Carl  Hoffmann,  the  crater  of  the  summit  and  its 
eruptive  orifices  have  been  more  accurately  investigated.  The 
altitude  of  the  volcano  is  stated  from  a  trigonometrical  measure- 
ment by  Galindo,  at  12,000  Spanish  feet,  or,  taking  the  vara 
cost.  B  0.43  of  a  toise,  at  11,000  feet.  {BonpUvndia,  Jahigang,  1856, 
No.  3). 

El  Reventado  (about  9500  feet),  with  a  deep  crater,  of  which  the 
southern  margin  has  fallen  in,  and  which  was  formerly  filled  with 
water. 
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of  Central  America,  twenty-nine  volcanoes  are  numbered, 
whose  former  or  present  yaried  activity  may  be  stated 

The  volcano  Barba  (more  than  8419  feet),  to  the  north  of  San 
Jos^,  the  capital  of  Costa  Bica;  with  a  crater  which  contains 
several  small  lakes. 

Between  the  volcanoes  Barba  and  Orosi,  there  follows  a  series  of 
volcanoes  which  intersects  the  principal  chain,  running  S.E. — N.W. 
in  Costa  Bica  and  Nicaragua,  almost  in  the  opposite  direction,  east  and 
west.  Upon  such  a  fissure  stand,  furthest  to  the  eastward,  Miravallea 
and  Tenorio  (each  of  these  volcanoes  is  about  4689  feet);  in  the  centre, 
to  the  south-east  of  Orosi,  the  volcano  Bmcofif  also  called  Mincon  de  la 
Vieja*  (Squier,  vol.  ii,  p.  102)  which  exhibits  small  eruptions  of  ashes 
every  spring  at  the  commencement  of  the  rainy  season;  and  furthest  to 
the  westward,  near  the  little  town  of  Alajuela,  the  volcano  Yotos* 
(7513  feet)  which  abounds  in  sulphur.-  Dr.  Oersted  compares  this 
phenomenon  of  the  direction  of  volcanic  activity  upon  a  transverse 
fissure,  with  the  east  and  west  direction,  which  I  found  in  the  Mexican 
volcanoes  from  sea  to  sea.  > 

Or<m,*  still  active,  in  the  most  southern  part  of  the  State  of  Nica 
ragua  (5222  feet);  probably  the  Volcan  del  Papagayo,  on  the  chart  of 
the  Deposito  ffidrogro^o. 

The  two  volcanoes,  Mcmdeira  and  Ometepec*  (4157  and  5222  feet) 
upon  a  small  island  in  the  western  part  of  the  Laguna  de  Nicaragua, 
named  by  the  Aztec  inhabitants  of  the  district  after  these  two  moun- 
tains {ome  tepetl  signifies  two  mountains ;  see  Buschmann,  Aztekiaehe 
Orttnamenf  pp.  128  and  171).  The  insular  volcano  Ometepec,  erro- 
neously named  Ometep  by  Juarros  {HUt,  de  OttcUenuda,  t.  i,  p.  51),  is 
still  in  activity.    It  is  figured  by  Squier  (vol.  ii,  p.  235). 

The  extinct  crater  of  tiie  island  ZapaiUraf  but  little  elevated 
ftbove  the  sea-lev«L  Th^  period  of  its  ancient  eruptions  is  quite 
unknown. 

The  volcano  of  Momohacho}  on  the  western  shore  of  the  Laguna  de 
Nicaragua,  somewhat  to  the  south  of  the  city  of  Qranada.  As  this  city 
is  situated  between  the  volcanoes  of  Momobacho  (the  place  is  also 
called  Mombaeho,  Oviedo,  Nicarctgua,  ed.  Temaux,  p.  245),  and  Masaya, 
the  pilota  indicate  sometimes  the  one  and  sometimes  the  other  of 
these  ccnncal  mountains  by  the  indefinite  name  ol  the  Volcano  of 
Granada. 

The  volcano  MoMaya  (Masaya)  which  has  already  been  treated  of  in 
detail  (pp.  258  —  261)  was  onoe  a  Strom^boU,  but  has  been  extinct 
since  the  great  eruption  of  lava  in  1&70.  According  to  the  interesting 
reports  of  Dr.  Scherzer  {Sitzwngsheriehte  der  Philo9.  But  Clasae  der  Ahad. 
der  Wist,  zu  Wien,  Bd.  xx,  s^  5&)  dense  clouds  of  vs^ur  were  again 
emitted  in  April,.  1853,  from  a  newly  opened  crater.  The  volcano  of 
Massaya  is  situated  between  the  two  lakes  of  Nicaragua  and  Managua 
to  the  west  of  the  eity  of  Granada.  Massaya  is  not  synonymous  with 
Nindiri ;  but,  as  Dr.  Oersted  expresses  himself,  Massaya  and  Nitidlri,* 

VOL.  V.  T 


274  0082106. 

with  oertointy.  The  natives  make  the  nnmber  more 
than  one-third  greater,  taking  into   account  a  quantity 

f onn  a  twin  yoIcuio,  with  two  sninmite  and  two  diatmct  cratera,  both 
of  which  have  fumiBhed  lavaHBtreamB.  The  lavawitream  of  1775  from 
the  Nindiri  reached  the  lake  of  Managua.  The  equal  height  of  these 
two  Yolcanoesy  aituated  so  close  to  each  other^  is  stated  at  only  2450 
feet. 

VcHcan  de  Momotomho*  (7034  feet),  burning,  and  often  giving  forth 
a  thundering  noise,  but  without  smoking,  in  lat.  12*  28',  at  the  north- 
ern extremity  of  the  Laguna  de  Managua,  opposite  to  the  small  island 
Momotombito,  so  rich  in  sculptures  (see  the  representation  of  Momo- 
tomho in  Squier,  toL  i,  pp.  233  and  802 — 812^).  The  Laguna  de 
Managua  lies  28  feet  higher  than  the  Laguna  de  Nicaragua,  which 
is  more  than  double  its  size,  and  has  no  insular  Tolcano. 

Fnua  henoe,  to  the  Baj  of  Fenseoa  or  Conohagoa,  at  adistaooe of  28 
miles  from  the  coast  of  Uie  Pacific,  a  line  of  six  volcaftoes  runs  from 
S.E.  to  N.W.;  closely  approximated  to  each  other  and  bearing  the 
common  name  of  loi  Martbios  (Squier,  yoL  i,  p.  419;  yoL  ii«  p^  128). 

SI  Nuevo,*  erroneously  called  Volcaa  de  las  Bilais,  because  the  erup- 
tion of  the  12th  April,  1850,  took  place  at  the  foot  of  this  mountain ;  a 
great  eruption  of  lava  almost  in  the  plain  itself  I  (Squier,  yoL  u, 
pp.  105—110). 

Volean  de  Tdiea,*  Yisited,  during  its  aotiYity,  by  Oviedo  as  eariy  as 
the  aixteenth  eentuiy  (about  1529X  to  the  east  (rf  Ohinendi^ga,  near 
Leon  de  Nicaragua,  and  consequootly  a  little  out  c^  the  direction 
preTiously  stated.  This  important  voleano,  which  emits  much  sul- 
phurous Yapour  from  a  crater  820  feet  in  depth,  was  ascended,  a  few 
years  since,  by  my  sdentific  and  talented  friend  Professor  Julius 
Frobel.  He  found  the  lava  composed  of  glassy  felspar  and  Miglte 
(Squier,  yoI.  ii,  pp.  115 — 117).  At  the  summit,  at  an  elevation  of 
8517  feet,  there  is  a  crater,  in  which  the  Yapours  deposit  great  masses 
of  sulphur.    At  the  foot  of  the  Yolcano  is  a  mud-spring  (Salse!). 

The  Yolcano  d  Vi^o,*  the  northernmost  of  the  crowded  line  of 
six  Yolcanoes.  It  was  ascended  and  measured  in  the  year  1838  by 
Captain  Sir  Edward  Belcher.  l%e  result  of  the  measurement  was 
6559  feet.  A  more  recent  measurement,  by  Squier,  gave  6002  feet 
This  Yolcano,  which  was  Yery  actiYC  in  Dampier^s  time,  is  still 
burning.  The  fiery  eruptions  of  scoriae  are  frequently  seen  in  the  city 
of  Leon. 

The  Yolcano  Ghtanaeamre,  somewhat  to  the  north,  without  the  range 
from  el  Nuevo  to  the  Viejo,  at  a  distance  of  only  14  miles  from  the 
shore  of  the  Bay  of  Fonseca. 

The  Yolcano  Conteguina,*  upon  the  cape  which  projects  at  the  south- 
em  extremity  of  the  Bay  of  Fonseca  (lat.  12**  50'),  celebrated  for  the 
fearful  eruption,  preceded  by  earthquakes,  of  the  28rd  January,  1 835. 
The  great  darkuess  during  the  fiBJi  of  ashes,  similar  to  that  which  had 
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of  old  emptive  basins,  which  were  probably  only  lateral 
eruptions  on  the  declivity  of  gdb  and  the  same  mountain. 

sometimes  been  cftused  by  the  volcano  PSchincha,  Issted  for  48  hoars. 
At  a  distance  of  a  few  feet,  firebrands  could  not  be  perceived.  Respi- 
ration  was  obetrnoted,  and  a  subterranean  noise,  like  the  discharge  of 
heavy  artillery,  was  heard  not  only  in  Balize  on  the  peninsula  of 
Yucatan,  but  also  upon  the  coast  of  Jamaica,  and  upon  the  plateau  of 
Bogota  in  the  latter  ease  at  an  elevation  of  more  than  8500  feet  above 
the  sea,  and  at  a  distance  of  nearly  five  hundred  and  sixty  geographical 
miles  (Jvao  Galindo,  in  Silliman's  American  Jowmal,  vol.  xxviii,  1835, 
pp.  332—336 ;  Acosta,  Viaj€»  d  lot  Andes,  1849,  p.  56,  and  Squier, 
voL  ii,  pp.  110 — 118;  figures  pp.  163  and  165).  Darwin  {Jtmrnal  of 
JRuearches  during  the  Voyage  ofdte  Beagle,  1845,  p.  291)  calls  attention 
to  a  remarkable  coincidence  of  phenomena: — ^After  a  long  slumber, 
Conseguina,  in  Central  America,  and  Aconcagufb  and  Coroovado 
(S.  lat.  32f^  and  43^^)  in  Chili,  broke  out  on  the  same  day  (acci- 
dentally ?). 

Volcano  of  Conthoffua,  or  of  Anaalapa,  at  the  north  of  the  entrance 
to  the  Bay  of  Fonseea^  opposite  to  the  volcano  Conseguina^  near  the 
beautiful  Puerto  de  la  Umon,  the  harbour  of  the  neighbouring  town  of 
San  Migii4>l. 

fVom  the  state  of  Costa  Rica  to  the  volcano  of  Conohagna,  there- 
lore,  the  close  series  of  twenty  Volcanoes  follows  a  direction  from  S.E.  to 
N.W.,  but  on  entering  near  Conchagua  into  the  State  of  San  Salvador 
whidi,  in  the  short  distance  of  160  geog.  miles  exhibits  five  still  more 
or  less  active  volcanoes,  the  line,  like  the  Pacific  coast  itself,  tunis  more 
E.S.E. — ^W.N.W.,  and  indeed  almost  E. — ^W.,  whilst  on  the  eastern, 
Caribbean  coast  (towards  the  Cape  Gracias  A  Dies)  the  land  suddenly 
bulges  out  in  Honduras  and  los  Mosquitos  (see  above,  p.  269).  It  is 
only^  as  there  remarked,  to  the  north  of  the  high  volcanoes  of  Old 
Guatemala,  towards  the  Laguna  de  Atitian,  that  the  former  general 
diraetion  K.  45"  W^  again  occurs,  until  at  last,  in  Chiapa,  and  on  the 
isthmus  of  Tehuantepec,  the  abnormal  direction  E. — ^W.  is  again  mani- 
fested, but  in  non-volcanic  chains.  Besides  Conchagua,  the  following 
four  volcanoes  belong  to  the  State  of  San  Salvador : — 

The  volcano  of  San  Miguel  Bosotlan*  (lat.  13*"  35'),  near  the  town  of 
the  same  name,  the  most  beautiful  and  regular  of  trachytic  cones 
next  to  the  insular  volcano  Ometepec,  in  the  lake  of  Nicaragua, 
(Squier,  voL  ii,  p.  196).  The  volcanic  forces  are  very  active  in 
Bosotijm,  in  which  a  great  eruption  of  lava  occurred  on  the  20  th  of 
July,  1844. 

Volcano  of  San  Vicente,*  to  the  west  of  the  Rio  de  Lempa^  between 
the  towns  of  Sacatecoluca  and  Sacatelepe.  A  great  eruption  of  ashes 
took  place,  according  to  Juarros,  in  1643  ;  and  in  January,  1885,  a 
long  continued  eruption  occurred  with  destructive  earthquakes. 

Volcano  of  Som  Salvador  (lat.  13°  i7%  near  the  city  of  the  same 
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Amongst  the  isolated  conical  and  bell-shaped  mountains, 
which  are  there  called  volcanoes,  many  may,  indeed,  consist 

name.  The  last  eruption  was  that  of  1656.  The  whole  surrounding 
country  is  exposed  to  violent  earthquakes ;  that  of  the  16th  of  April, 
1854,  which  was  preceded  by  no  noises,  overthrew  nearly  all  the 
buil^gs  in  San  Salvador. 

Volcano  of  Izaleo,*  near  the  village  of  the  same  name,  often  pro- 
ducing ammonia.  The  first  eruption  recorded  in  history  occurred 
on  the  23rd  February,  1770;  the  last  widely-luminous  eruptions  were 
in  April,  1798,  1805  to  1807,  and  1825  (see  above,  p.  261,  and  Thomp- 
son, Gfficial  Visit  to  CfuaUmala,  1829,  p.  512). 

Volcan  de  Paeaya*  (lat.  14*  23'),  about  14  miles  to  the  south-east 
of  the  city  of  New  Guatemala,  on  the  small  Alpine  lake  Amatitlan,  a 
very  active  and  often  flaming  volcano ;  an  extended  ridge  with  three 
domes.  The  great  eruptions  of  1565, 1651, 1671, 1677,  and  1775  are 
known ;  the  last,  which  produced  much  lava,  is  described  by  Juarros 
as  an  eye-witness. 

Next  follow  the  two  volcanoes  of  Old  Guatemala,  with  the  sin- 
gular appellations  de  Agua  and  de  Fueffo,  near  the  coast^  in  latitude 
14«  12'. 

Volcan  de  Agua,  a  trachytic  cone  near  Escuintla,  higher  than  the 
Peak  of  Teneriffe,  surroimded  by  masses  of  obsidian  (indications  of  old 
eruptions?).  The  volcano,  which  reaches  into  the  region  of  perpetual 
snow,  has  received  its  name  from  the  circumstance  that,  in  September, 
1541,  a  great  inundation  (caused  by  earthquake  and  the  melting  of 
suow?)  was  ascribed  to  it;  this  destroyed  the  first  established  city  of 
Guatemala,  and  led  to  the  building  of  the  second  city,  situated  to  the 
north-north-west,  and  now  called  Antigua  Ouatenuda, 

Volcan  de  Fuego,*  near  Acatenango,  23  miles  in  a  west-north-west 
direction  from  the  so-called  water-volcano.  With  regard  to  their  rela- 
tive position,  see  the  rare  map  of  the  Alcalde  Mayor,  Don  Jos^  Rossi  y 
Rubi,  engraved  in  Guatemala,  and  sent  to  me  thence  as  a  present: 
Botquejo  dd  eapado  que  media  enire  loe  ettremos  de  la  Provincia  de 
Suchitepequet  y  la  Capital  de  Ouatemala,  1800.  The  Volcan  de  Fuego 
is  still  active,  but  now  much  less  so  than  formerly.  The  older  great 
eruptions  were  those  of  1581, 1586,  1623,  1705,  1710, 1717,1732,  1737, 
and  1799,  but  it  was  not  only  these  eruptions,  but  also  the  destruc- 
tive earthquakes  which  accompanied  them,  that  moved  the  Spanbh 
Government  in  the  second  half  of  the  last  century  to  quit  the  second 
seat  of  the  city  (where  the  ruins  of  la  Antigua  Guatemala  now  stand), 
and  compel  the  inhabitants  to  settle  further  to  the  north,  in  the  new 
city  of  Santiago  de  Guatemala.  In  this  case,  as  at  the  removal  of 
Riobamba,  and  several  other  towns  near  the  volcanoes  of  the  chain  of 
the  Andes,  a  dogmatic  and  vehement  dispute  was  carried  on  in  reference 
to  the  difficult  selection  of  a  locality  "  of  which  it  might  be  asserted, 
according  to  previous  experience,  that  it  was  but  little  exposed  to  the 
action  of  neighbouring  volcanoes  (lava-streams,  eruptions  of  soori»  and 
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of  trachyte  and  dolerite,  but  having  always  been  unopened, 
have  never  exhibited  any  igneous  activity  since  the  time  of 
their  upheaval.  Eighteen  are  to  be  regarded  as  still  active ; 
seoen  of  these  have  thrown  up  flames,  scoriee  and  lava- 
streams  in  the  present  century  (1825,  1835,  1848,  and 
1850 J ;  and  two^  at  the  end  of  the  last  century  (1775  and 
1799).  The  deficiency  of  Iava<€l3»am8  in  the  mighty  vol- 
canoes of  the  Cordilleras  of  Quito  has  recently  given  occa- 
sion to  the  repeated  assertion  that  this  deficiency  is  equally 
general  in  the  volcanoes  of  Central  America.  Certainly, 
in  the  majority  of  cases,  eruptions  of  scorise  and  ashes  have 
been  unaccompanied  by  any  efi^ion  of  lava — as  for  exam- 
earthquakes!)'*  In  18$»2,  during  a  great  eruption,  the  Volcan  de  Fuego 
poured  forth  a  lava-stream  to^^urds  the  shore  of  the  Pacific.  Captain 
Basil  Hall  measured,  imder  sail,  both  the  volcanoes  of  Old  Quatemala, 
and  found  for  the  Volcan  de  Fuego  14,665  feet,  and  for  the  Volcan  de 
Agua,  14,903  feet  The  foundation  of  this  measurement  has  been 
tested  by  Poggendorff.  He  found  the  mean  elevation  of  the  two  moun- 
tains to  be  less,  and  reduced  it  to  about  18,109  feet. 

Volcan  de  QaesaUenango*  (lat.  15°  10'),  burning  since  1821,  and 
smoking,  near  the  town  of  the  same  name ;  the  three  conical  moim- 
tains  which  bound  the  Alpine  lake  Atitlan  (in  the  mountain  chain  of 
Solola)  on  the  south,  are  also  said  to  be  ignited.  Th^  volcano  of 
Tc^amulcOf  referred  to  by  Juarros,  certainly  cannot  be  uentical  with 
tiie  volcano  of  Quesaltenango,  as  the  latter  is  at  a  distance  of  40  geog. 
miles  to  the  N.W.,  of  the  village  of  Tajamulco,  to  the  south  of  Tejutla. 

What  are  the  two  volcanoes  of  Saeatepeqttei  and  Sapotitlan,  men- 
tioned by  Funel,  or  Bru^s  Volccm  de  Ami^pcuf 

The  great  volcano  of  SocomucOf  situated  on  the  borders  of  Chiapa, 
28  geog.  miles  to  the  south  of  Ciudad  Real,  in  lat.  16**  2'. 

At  the  close  of  this  long  note  I  think  I  must  rtgain  mention  that  the 
barometric  determinations  of  altitude  here  adduced  are  partly  derived 
from  Espinache,  and  partly  borrowed  from  the  writings  and  maps  of 
Baily,  Squier,  and  Molina. 

<7  The  following  18  volcanoes,  constituting  therefore  nearly  the  half 
of  all  those  referred  to  by  me  as  active  in  former  or  present  times,  are 
to  be  regarded  as  at  present  more  or  less  active : — Irasu  and  Turrialva, 
near  Cartago,  el  Rincon  de  la  Vieja,  YotosC?)  and  Orosi;  the  insular  vol- 
cano OmetepeCjNindiri,  Momotomba,  el  Nuevo,  at  the  foot  of  the  trachytic 
mountain  Las  Pilas,  Telica,  el  Viejo,  Conseguina,  San  Miguel  Boeotian, 
San  Vicente,  Izalco,  Pacaya,  Volcan  de  Fuego  (de  Guatemala),  and 
Quesaltenango.  The  most  recent  eruptions  are  those  of  el  Nuevo,  near 
las  Pilas,  on  the  18th  April,  1850 ;  San  Miguel  Bosotlan,  1848 ;  Conse- 
guina, and  San  Vicente,  1835;  IerIco,  1825;  Volcan  de  Fuego,  near 
Hew  Guatemala,  1799  and  1852;  and  Pacaya,  1775.  . 


278  cosMoa 

pie,  at  present  in  the  yokano  of  Iz&Ico ;  but  the  descrip- 
tions wbiok  have  been  giyen  by  eye-witnesses  of  the  lavsr 
producing  eruptions  of  the  four  volcanoes,  Nindiri,  el  Naevo, 
Conseguinay  and  San  Miguel  de  Bosotlan,  give  an  opposite 
testimony*. 

I  have  purposely  dwelt  at  length  upon  the  details  of  the 
position  and  dose  approximation  of  the  linear  volcanoes  of 
Central  Ammca,  in  the,  hope  that  some  day  a  geognosist, 
who  has  previously  given  a  profound  study  to  the  active 
volcanoes  of  Europe,  and  the  extinct  ones  of  Auvergne, 
the  Yivarais  or  the  Eilel,  and  who  also  (this  is  of  the 
greatest  importance)  knows  how  to  describe  the  mineral- 
ogical  composition  of  the  different  rocks  in  accordance 
with  the  present  state  of  our  knowledge,  may  feel  himself 
impelled  to  visit  this  region,  which  is  so  near  and  so 
accessible.  Even  if  the  traveller  shoidd  devote  himself 
exclusively  to  ge(^ostic  investigations,  there  still  remains 
much  to  be  done  here,—- especiaUy  the  oryctognostic  det«> 
mination  of  the  trachytic,  doleritic,  and  melaphyric  rocks  ; 
the  separation  of  the  primitive  mass  upheaved,  and  of  the 
portion  of  the  elevated  mass  which  has  been  covered  over 
by  subsequent  eruptions ;  the  seeking  out  and  reoognition 
of  true,  slender,  uninterrupted  lava-streams,  which  are  only 
too  frequently  confounded  with  accumulations  of  erupted 
scoriae.  Conical  mountains,  which  have  never  been  opened, 
rising  in  a  dome  or  bell-like  form,  such  as  Chimborazo,  are 
therefore  to  be  clearly  separated  from  volcanoes  which  have 
been,  or  still  are,  active,  throwing  out  scorise  and  lava- 
streams,  like  Yesuvius  and  Etn%  or  scorisd  and  ashes  alone, 
like  Fichincha  or  Cotopaxi.  I  know  nothing  that  promises 
to  impart  a  more  brilliant  impetm  to  our  knowledge  of  vol- 
canic activity,  which  is  still  very  deficient  in  multiplicity 
of  observations  in  large  and  connected  continental  districts. 
As  the  material  results  of  such  a  labour,  collections  of 
rocks  would  be  brought  home  from  many  isolated,  true  yo\- 

*  Compare  Sqmer,  NiecDragva,  voL  ii,  p.  103,  with  pp.  106  and  111, 
as  also  hu  previous  small  woik  On  the  Volcanoea  of  Omtral  America, 
1860,  p.  7;  Leopold  de  Buch,  Ilu  Canaries,  p.  506,  where  referehce 
is  made  to  the  lava-stream  which  broke  out  of  the  voleano  Niiidiri  in 
1775,  and  which  has  been  recently  again  seen  by  a  very  sclentifio  ob- 
server. Dr.  Oersted. 
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canoes,  and  unopened  tiachytie  conea,  togetb'jr  -witli  the 
non-vokanie  masses  irlnoh  have  been  broken  through  bj 
both ;  the  subsefaent  chemiGal  analysesy,  and  the  chemieo- 
geological  inferences  deduced  &om  the  analyses,  would  open 
a  field  equally  wide  and  fertile.  Central  America  and  Java 
have  the  unmiatalceable  superiority  over  Mexico,  Quito,  and 
Chili,  that  in  a  greater  space  they  exhibit  th£  most  variously 
formed  and  most  dosely  approximated  stages  of  volcanic 
activity. 

At  the  point  where  the  characteristic  series  of  the  vol- 
canoes g£  Central  America  terminates  on  the  borders  of 
Chiapa  with  the  volcano  of  Soconusco  (lat.  16*^  2'),  there 
commences  a  perfectly  different  ^stem  of  volcanoes — the 
Mexican.  The  isthmus  of  Huasacualco  and  Tehuantepeo, 
so  important  for  the  trade  with  the  coast  of  the  Fa<afi<v 
like  the  state  of.  Oaxaca,.  situated  to  the  north-west,  is  en- 
tirely without  volcanoes,  and,  perhaps,  even  destitute  of  un- 
opened trachytic  cones.  It  is  only  at  a  distance  of  160  geog. 
miles  from  the  volcano  of  Soconusco,  that  the  small  volcano  of 
Tuxtk  rises  near  the  coast  of  Alvarado  (lat.  1 8"^  28^.  Situated 
on  the  eastern  slope  of  the  Sierra  de  San  Martin,  it  had  a 
great  eruption  of  flames  and  ashes  on  the  2nd  of  March^  1793. 
An  exact  astronomical  determination  of  the  position  of  the 
colossal  snowy  mountains  and  volcanoes  in  the  interior  of 
Mexico  (the  old  Anahuac)  led  me,  after  my  return  to 
Europe,  while  inserting  the  maxima  of  elevations  in  my 
chart  of  New  Spain,  to  the  exceedingly  remarkable  result^ 
that  there  is  in  this  place,  from  sea  to  sea^  a  parallel  of  the 
volcanoes  and  greatest  elevations  which  oscillates  by  only 
a  few  minutes  to  and  from  the  parallel  of  19^  The  only 
volcanoes  and,  at  the  same  time,  the  only  mountains  covered 
with  perpetual  snow  in  the  country,  and  consequently  ele» 
vations  varying  from  12,000  to  3,000  feet, — the  vol<»noe8 
of  Orizaba,  Popocatepetl,  Toluca,  and  Colima, — ^lie  between 
the  latitudes  of  IS""  5d'  and  19""  20',  and  thus  indicate  the 
direction  of  a.  fissure  of  volcanic  activity  of  360  geog.  miles 
in  length"*.    In  the  same  direetion  (lat;  19)^  Q%  between  i^ 

^  See  ill  the  bases  of  the^e  Mexic«n  local  detecminatioiiB,  luod 
their  eomparison  with  the  observatiozis  of  Don  Joaquin  Ferrer,  in  my 
Jiecueil  ePObservatumt  Astran.  vol.  ii,  pp.  521,  529,  and  5S6 — ^550,  ana 
lissai  PcUtique  sur  la  NcwveUe'Espagne,  t.  i,  pp.  55—59^  and  176,  t.  ii. 
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volcanoes  of  Toluca  and  Colima^  at  a  distance  of  116  and 
128  geog.  miles  from  them,  the  new  volcano  of  Jorollo  (4265 
feet)  rose  on  the  14th  September,  1759,  in  a  broad  plain, 
having  an  elevation  of  2583  feet.  The  local  position  of  this 
phenomenon  in  relation  to  the  situation  of  the  other  Mexican, 
volcanoes,  and  the  circumstasice  that  the  fissure  from  east 
to  west  which  I  here  indicate  intersects  the  direction  of 
the  great  mountain  chain  striking  from  south-south-east  to 
north-north-west  ahnosc  at  right  angles,  are  geological 
phenomena  no  less  important  than  ihe  distance  of  the 
eruption  of  JoruUo  fix>m  the  seas,  the  evidences  of  its  up- 
heaval which  I  have  r^resented  graphically  in  detail,  the 
innumerable  fuming  homitos  which  surround  the  volcano, 
and  the  fragments  of  granite,  which  I  found  immersed  in 
t^e  lava  poured  forth  6om  the  principal  volcano  of  Jorullo, 
in  a  district  which  is  destitute  of  granite  for  a  long  dis- 
tance. 

The  following  table  contains  the  special  local  determina- 
tions and  elevations  «of  the  series  of  volcanoes  of  Ana- 
huac,  upon  a  fissure  which,  running  from  sea  to  sea,  inter- 
sects the  fissure  of  elevation  of  the  great  xange  of  moun- 
tains :— 

p.  173.  I  had  myself  early  raised  doubts  with  regard  to  the  astrono- 
mical determination  of  the  position  of  the  volcano  of  Colima,  near  the 
coast  of  the  Pacific  (Etsai  Polit,  t.  i,  p.  68,  t.  ii,  p.  180).  According  to 
angles  of  altitude  taken  by  Captain  Basil  Hall  while  under  sail,  the 
▼olcano  is  situated  in  lat.  19^  86',  and  consequently  half  a  degree  further 
north  than  I'Oonduded  to  be  its  position  from  Itineraries;  certainly 
without  absolute  determinations  for  Selagua  and  Petatlan,  upon  which 
I  depended.  The  latitude,  19^  25',  which  I  have  given  in  the  text,  is, 
like  the  determination  of  altitude  (12,005  feet),  from  Captain  Beechey 
(  Voyoffe,  pt.  ii,  p.  587).  The  most  recent  map  by  Laurie  (2^  Mexican 
cmd  CerUml  States  of  America,  1853)  gives  19°  20^  for  the  latitude. 
The  latitude  of  Jorullo  may  also  be  wrong  by  2 — 3  minutes,  as  I  was 
then  occupied  entirely  with  geological  and  topographical  investigations, 
and  neither  the  sun  nor  stars  were  visible  for  determinations  of  latitude. 
(See  Basil  Hall,  Journal  written  on  the  Coa^t  of  Chili,  Peru,  and  Mexi^, 
1824,  vol.  ii,  p.  379;  Beechey,  YofgagCy  pt  ii,  p.  587;  and  Humboldt, 
Eaeai  Polit,  t.  i,  p.  66,  t.  ii,  p.  180).  In  ike  true  and  exceedingly 
artistic  views  of  tiie  volcano  of  Colima,  drawn  by  Merits  Rugendas, 
which  are  preserved  in  the  Berlin  Museum,  we  distinguish  two  adjacent 
mountains, — the  true  volcano,  which  constantly  emits  smoke,  and  ia 
covered  with  but  little  snow,  and  ihe  more  elevated  Nevada,  which 
tides  hr  into  the  region  of  perpetual  snow. 
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Elevation 

Sequence  from  E.  to  W. 

Latitude. 

above  the  sea 

' 

in  feet. 

Volcano  of  Orizaba. . . . 

19°    2'   17" 

17,879 

Nevado  Iztaccihtiatl  .. 

19    10      3 

15705 

Volcano  Popocatepetl , . 

18   59    47 

17726 

Volcano  of  Toluca  . . . , 

19    11     33 

15168 

Volcano  of  Jorullo  .  * « . 

19      9      0 

4265 

Volcano  of  Colima  .... 

19    20      0 

12005 

The  prolongation  of  the  parallel  of  volcanic  activity  in 
the  tropical  zone  of  Mexico,  leads,  at  a  distance  of  506 
miles  westward  from  the  shores  of  the  Pacific  to  the  insular 
group  Revillagigedo,  in  the  vicinity  of  which  Collnet  saw 
pumice-stone  floating,  and  perhaps  still  farther  on,  at  a  dis- 
tance of  3360  geog.  miles  to  the  great  volcano  Mauna  Roa 
(19°  280,  without  causing  any  upheaval  of  islands  in  the 
intervening  space ! 

The  group  of  linear  volcanoes  of  Quito  and  New  Granada 
includes  a  volcanic  zone  which  extends  from  2°  S.  lat.  to 
nearly  5°  N.  lat.  The  extreme  boundaries  of  the  area  in 
which  the  reaction  of  the  interior  of  the  earth  upon  its  sur- 
face is  now  manifested,  are  the  iminterruptedly  active  San- 
gay,  and  the  Paramo  and  Volcan  de  Euiz,  the  most  recent 
conflagration  of  which  was  in  the  year  1829,  and  which  was 
seen  smoking  by  Carl  Degenhardt  from  the  Mina  de  San- 
tana  in  the  province  of  Mariquita  in  1831  and  from  Mar- 
mato  in  1833.  The  most  remarkable  traces  of  great  erup- 
tive phenomena  next  to  the  Buiz,  are  exhibited  from  north 
to  south,  by  the  truncated  cone  of  the  volcano  of  Tolima 
(18,129  feet),  celebrated  by  the  recollection  of  the  destruc- 
tive eruption  of  the  12th  March,  1595 ;  the  volcanoes  of 
Pnrac€  (17,006  feet)  and  Sotara  near  Fopayan ;  that  of 
Pasto  (13,450  feet),  near  the  city  of  the  same  name;  of 
the  Monte  de  Azufre  (12,821  feet),  near  Tuquerres;  of 
Cumbal  (15,618  feet),  and  of  Chiles,  in  the  province  de  los 
Pastes  ;  then  follow  the  historically  celebrated  volcanoes  of 
the  true  high  land  of  Quito,  to  the  south  of  the  equator,  of 
which  four, — namely,  Pichincha^  Cotopaxi,  Tungurahu%and 
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Sangay, — certainly  cannot  be  regarded  as  extinct  volcanoes. 
Although  to  the  north  of  the  mountain  group  of  the 
Robles^  near  Popayan,  as  we  shall  shortly  more  faUj  show 
in  the  tripartition  of  the  vast  chain  of  the  Andes,  it 
is  only  the  central  Cordillera^  and  not  the  western  one^ 
nearer  to  the  sea-coast,  that  exhibits  a  volcanic  actiyity ; 
on  the  other  hand,  to  the  south  of  this  group,  where  the 
Andes  form  only  two  parallel  chains^  so  frequently  men* 
tioned  by  Bouguer  and  La  Ck>ndamine  in  their  writings, 
volcanoes  are  so  equally  distributed,  that  the  four  volcanoes 
of  the  Pastos,  as  well  as  Cotocachi,  PichinGh%  Iliniza^  Gai- 
guairazo,  and  Tana-Urcu,  at  the  foot  of  Chimborazo,  have 
broken  out  upon  the  western  chain,  nearest  to  the  sea';  and 
upon  the  eastern  Cordillera,  Imbabuta^  Cayambe,  Antisana^ 
Cotopaxi,  Tnngurahua  (opposite  to  Chimborazo  towards  the 
east,  but  still  nearly  approximated  to  the  middle  of  the 
narrow  elevated  plateau),  the  Altar  de  los  Collanes  (Capao- 
Urcu),  and  Sangay.  If  we  include  the  northernmost  group 
of  the  linear  volcanoes  of  South  America  in  one  view,  the 
opinion  so  6fben  expressed  in  Quito,  and  to  a  certain  extent 
founded  on  historical  doeum^its,  of  the  migration  of  the 
volcanic  activity  and  increase  of  intensity  iroax  north  to 
south,  acquires,  at  all  events,  a  certain  amount  of  proba- 
bility. It  is  true  that  in  the  south,  and  indeed  close  to  the 
colossal  Sangay,  which  acts  like  Stromboli,  we  find  the  ruins 
of  the  **  Prmce  of  Mountains,*'  Capac-Urcu,  which  is  said 
to  have  exceeded  Chimborazo  in  height,  but  which  fell  in 
and  became  extinct  in  the  latter  part  of  the  fifteenth  cen- 
tury (fourteen  years  before  the  capture  of  Quito  by  the  son 
of  the  Inca  Tupac  Yupangni),  and  has  never  again  resumed 
its  former  activity. 

!rhe  space  of  the  chain  of  the  Andes  which  is  not  occupied 
by  groups  of  volcanoes  is  fkt  greater  than  is  usually  sup- 
}iosed.  In  the  northern  part  of  South  America,  from  tibe 
Yolcan  de  Buiz  and  the  conical  mountain  Tolima,  the  two 
most  northern  volcanoes  of  the  series  of  New  Granada  and 
Quito,  oyer  the  'isthmus  of  Panama  as  far  as  the  vicinity 
of  Costa  Rica^  where  the  series  of  volcanoes  of  Central 
America  commences,  there  is  a  country  which  is  frequently 
and  violently  convulsed  by  earthquakes,  and  in  which 
flaming  salses,  but  no  true  volcanic  eruptions,  are  known. 
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The  length  of  this  tract  amounts  to  628  geog.  mile&  Nearly 
double  this  length  (oocupying  a  space  of  9^  g^og.  milas)  is 
a  tract  of  country  free  from  volcanoes,  from  the  Sangay,  the 
southern  termination  of  the  group  ci  Ktw  Granada  and 
Quito,  to  the  Chacani,  near  Arequipa,  the  commencement  of 
the  series  of  volcanoes  of  Peru  and  Bolivia.  So  compli- 
cated and  various  in  the  same  mountain  chain,  must  have 
been  the  coincidence  of  the  ecHiditions  upon  which  depend 
the  formation  of  permanently  open  fissures,  and  the  unim- 
peded communication  of  the  molt^  interior  of  the  earth 
with  the  atmosphere.  Between  the  groups  of  trachytic  and 
doleritic  rocks,  through  which  the  volcanic  forces  become 
active,  lie  rather  shorter  spaces,  in  which  prevail  granite, 
syenite,  mica-schists,  clay-slates,  quartzose  porphyries,  sUi- 
cious  conglomerates,  and  limestones,  of  which  (according  to 
Leopold  von  Buch's  investigation  of  the  organic  remains 
brought  home  by  Degenhardt  and  myself),  a  oonsideiuble 
portion  belong  to  the  chalk  formation.  The  gradually  in- 
creased frequency  of  labradoritic  rocks,  ricli  in  pyroxene 
and  oligoclase,  announces  to  the  observant  traveller  (as  I 
have  already  elsewhere  shown)  the  transition  of  a  zone 
hitherto  closed  and  non-volcanic,  and  often  very  rich  in 
silver  in  porphyries,  destitute  of  quartz  and  full  of  glassy 
felspar,  into  the  volcanic  regions,  which  still  freely  commu- 
nicate with  the  interior  of  the  earth. 

The  more  accurate  knowledge  which  we  have  recently 
attained  of  the  position  and  boundaries  of  the  five  groups 
of  volcanoes  (the  groups  of  Anahuao  or  tropical  Mexico, 
of  Central  America,  of  New  Granada,  and  Quito,  of  Peru 
and  Bolivia,  and  of  Chili)  shows  that,  in  the  part  of  the 
Cordilleras  which  extends  from  191^  north,  to  46^  south 
latitude,  (and,  consequently,  taking  mto  account  the  curves 
caused  by  alterations  in  the  axial  direction,  for  a  distance 
of  nearly  5000  geog.  miles^)  not  much''®  more  than  half 

^  The  following  is  the  result  of  the  determination  of  the  length  and 
latitude  of  the  five  groups  of  linear  volcanpea  in  the  chain  of  the  Andes^ 
as  also  the  statement  of  the  distance  of  the  groups  from  each  other : 
a  statement  illustrating  the  relative  proportions  of  the  Tolcanic  and 
non-volcanic  areas. 

I.  Group  0/  the  Mexican  VolccuMm:  The  fissure  upon  which  the 
volcanoes  have  broken  out  is  directed  from  east  to  west^  Iroij? 
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(calculation  gives  2540  against  2426  geog.  miles)  is  occupied 
bj  volcanoes.     K  we  examine  the  distribution  of  the  space 

the  Orizaba  to  the  Colima,  for  a  distance  of  392  geog.  miles,  be- 
tween latitudes  19"*  and  19^  20^  The  Volcano  of  Tuxtla  lies 
isolated  128  miles  to  the  east  of  Orizaba,  near  the  coast  of 
the  Gulf  pf  Mexico,  and  in  a  parallel  (18°  28^  which  is  half  a 
degree  further  south. 

II.  Distance  of  the  Mexican  group  from  the  next  group,  that  of 
Central  America  (from  the  volcano  of  Orizaba  to  the  volcano  of 
Soconusco,  in  the  direction  £.S.E.— W.N.W.)  300  miles. 

III.  Cfroup  of  ike  Voleanoee  of  Central  America :  Its  length  from  S.E. 
to  N.W.,  from  the  yolcano  of  Soconusco  to  Turriidva,  in  Costa 
Rica,  more  than  680  miles. 

IV.  Distance  of  the  group  of  Central  America  from  the  series  of 
volcanoes  of  New  Granada  and  Quito,  628  miles. 

y.  Group  of  the  VdUa^noes  of  New  Gfranada  and  Quito :  Its  length 
from  the  eruption  in  the  Paramo  de  Ruiz  to  the  north  of  the 
Yolcan  de  Tolima^  to  the  volcano  of  Sangay,  472  miles.  The 
portion  of  the  chain  of  the  Andes  between  Uie  volcano  of  Piu'ae^, 
near  Popayan,  and  the  southern  part  of  the  volcanic  mountain 
group  of  Pasto  is  directed  N.N.E. — S.S.W.  Far  to  the  eastward 
from  the  volcanoes  of  Popayan,  at  the  sources  of  the  Rio  Fragua, 
there  is  a  very  isolated  volcano,  which  I  have  inserted  upon  my 
general  map  of  the  mountain  group  of  the  South  American 
Cordilleras,  frt)m  the  statements  of  missionaries  from  Timana, 
which  were  communicated  to  me :  distance  from  the  seashore, 
152  miles. 

YI.  Distance  of  the  volcanic  group  of  New  Granada  and  Quito,  from 
the  group  of  Peru  and  Bolivia,  960  miles,  the  greatest  length 
destitute  of  volcanoes. 

VII.  Qrovkp  of  the  Series  of  Volcanoes  of  Peru  and  Bolivia,  from  the 
Yolcan  de  Chacani  and  Arequipa  to  the  volcano  of  Atacama 
(16^o— 21|°)  420  miles. 

YIII.  Distance  of  the  group  of  Peru  and  Bolivia  from  the  volcanic 
group  of  Chili,  540  geog.  miles.  From  the  portion  of  the  desert  of 
Ata(»ma,  on  the  border  of  which  the  volcano  of  San  Pedro  rises, 
to  fftr  beyond  Copiapo,  even  to  the  volcano  of  Coquimbo  (30°  5% 
in  the  long  Cordillera  to  the  west  of  the  two  provinces  Catamarca 
and  Rioja,there  is  no  volcanic  cone. 

IX.  Oroup  of  Chilif  from  the  volcano  of  Coquimbo  to  the  volcano 
San  Clemente,  968  miles. 

These  estimates  of  the  length  of  the  Cordilleras,  with  the  curvature 
which  results  from  the  chauge  in  the  direction  of  the  axis,  from  the  pa- 
rallel of  the  Mexican  volcanoes  in  1 91°  of  north  latitude,  to  the  volcano  of 
San  Clemente  in  Chili  (46°  8'  S.  latj),  give  for  a  distance  of  4968  miles, 
a  space  of  2540  miles  which  is  covered  by  five  linear  groups  of  volcanoes 
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free  from  volcanoes  between  the  five  volcanic  srronps,  we 
find  the  maximum  distance  of  two  groups  from  one  another 
between  the  volcanic  series  of  Quito  and  Peru.  This  is 
fully  960  miles,  whilst  the  most  closely  approximated 
groups  are  the  first  and  second,  those  of  Mexico  and  Cen- 
tral America.  The  four  interspaces  between  the  ^ye  groups 
are  severally  300,  628,  960,  and  540  miles.  The  great  dis- 
tance of  the  southernmost  volcano  of  Quito  from  the  most 
northern  of  Peru,  is,  at  the  first  glance,  the  more  remark- 
able, because,  according  to  old  custom,  we  usually  term  the 
measurement  of  degrees  upon  the  high  land  of  Quito,  the 
Permian  measurement.  Only  a  small  southern  portion  of 
the  Peruvian  chain  of  the  Andes  is  volcanic.  The  number 
of  volcanoes,  accx>»:ding  to  the  lists  which  I  have  prepared 
after  a  careful  criticism  of  the  newest  materials,  is  as  fol- 
lows : — 


f 


Names  of  the  five  groups  of  linear  Vol- 
canoes of  the  New  Continent,  from 
19°  25'  north,  to  i^'*  8'  south 
latitude. 


Group  of  Mexico'^ 

Group  of  Central  America'*  . . . . 
Group  of  New  Granada  and    ) 

Quito" / 

Group  of  Peru  and  Bolivia'*. . . , 
Group  of  ChiU" 


No.  of  Volca- 
noes included 
in  each  group. 


6 
29 

18 

14 
24 


No.  of  Volca- 
noes which  are 
to  be  regarded 
as  still  ignited. 


4 
18 

10 

3 
13 


(Mexico,  Central  America,  New  Granada  with  Quito,  Peru  with  Bolivia, 
and  Chili);  and  a  space  probably  quite  free  from  volcanoes  of  2428 
miles.  The  two  spaces  are  nearly  equal.  I  have  given  very  definite 
numerical  relations,  as  obtained  by  the  careful  criticism  of  my  own 
maps  and  those  of  others,  in  order  to  give  rise  to  a  greater  desire  to 
improve  them.  The  longest  portion  of  the  Cordilleras  free  from  vol- 
canoes is  that  between  the  groups  of  New  Oranada  with  Quito  and 
Peru  with  Bolivia.  It  is  accidentally  equal  to  that  occupied  by  the 
volcanoes  of  Chili. 

^  The  group  of  volcanoes  of  Mezieo  includes  the  volcanoes  of 
Orizaba,*  Popocatepetl,*  Toluca  (or  Cerro  de  San  Miguel  de  Tutucuitla- 
pilco),  Jorullo,*  Colima,*  and  Tuxtla.*  Here,  as  in  similar  lists,  the 
fttUl  active  volcanoes  are  indicated  by  asterisks. 
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According  to  these  data  the  total  number  of  yolcanoes  in 
the  five  American  groups  is  91,  of  vhich  d6  bdiong  to  the 

^  The  seriM  of  TolcaiiDes  of  Central  America  is  enumerated  in  the 
Dotei  66  and  67. 

"  The  group  of  New  Oranada  and  Quito  moludes  the  Paramo  y 
Volcan  de  Ruis,*  the  volcanoes  of  Tolima,  Puiac^*  and  Sotani,  near 
Popayan ;  the  Volcan  del  Rio  Fragua,  an  affluent  of  the  Caqueta ;  the 
Tolcanoes  of  Pasto,  el  Azofral,*  Cumhal,*  Tuquerres,*  Chiles,  Imba- 
buru,  Cotooachi,  Rucu-Pichincha,  Aiiti8ana(?),  Cotopaxi/  Tungurahna,* 
CapaO'Urou,  or  Altar  de  los  Collanei(?),  and  Sangay.* 

7*  The  group  of  Southern  Peru  aad  Bolivia^  includes  from  north  to 
aouth  the  following  14  volcanoes : — 

ydoano  ef  ChaewU  (also  called  CS^htmim,  sAccoding  to  Curaon  and 
Heyen)^  belonging  to  the  group  of  Arequipa  and  visible  from  the 
town;  it  is  situated  on  the  right  bank  of  the  Rio  Quilca,  in 
lat.  16"  11',  according  to  Pentland,  the  most  accurate  geological 
observer  of  this  region,  32  miles  to  the  soutih  of  the  Nevado  de 
Chuquibambai  which  is  estimated  at  more  than  19,000  feet  in 
height.  Manuscript  records  in  my  possession  give  the  volcano  of 
Chacani  a  height  of  fully  19,601  feet.  Curzon  saw  a  large  cvater 
in  the  south-eastern  part  of  the  summit. 

Yoloano  of  Areqwpa,*  lat.  16*  20^  12  miles  to  the  north-east 
of  the  town.  With  regard  to  its  height  <1 8,879  feet?)  see  p.  252. 
Hiaddaus  Banks,  the  botanist  of  Uie  expedition  of  Makspina 
(1796),  Samuel  Curzon  from  the  United  States  of  North  America 
(1811)  and  Dr.  Weddell  (1847)  have  ascended  the  summit.  In 
August,  1831,  Meyen  saw  large  columns  of  smoke  rising ;  a  year 
previously  the  volcano  had  thrown  out  scorisB,  but  never  lava- 
streams  (Meyen's  £eUe  wn  die  Erde,  Th.  ii,  s.  33). 

Vblca/ih  de  OmcUo,  lat.  16**  50';  it  had  a  violent  eruption  in  the  year 

1667. 
Volean  de  UviUas  or  UviiuM,  to  the  south  of  Apo ;  its  last  eruptions 

were  in  the  sixteenth  century. 

Volean  de  Pu^u-PichM,  16  miles  to  the  east  of  the  town  of 
Arequipa  (lat.  16"  25'),  not  far  l&om  the  Passof  Cangallo,  9673  feet 
above  the  sea. 

Volcan  Vi^o,  lat  16*  55',  an  enormous  crater,  with  lava-streaow  and 
much  pumice-stone. 

The  six  volcanoes  just  mentioned,  constitute  the  group  of  Are- 
quipa. 

Volca^i  de  Tacora  or  ChipicaiUt  according  to  Pentland'a  fine  map  of 
the  lake  of  Titicaca,  lat.  17"  45^,  height  19,738  feet 

Volecm  de  Sakcma*  22,354  feet  in  height,  lat.  18**  7';  a  truncated 
cone  of  the  most  tegular  form ;  see  p.  253.  The  voloano  of 
Sahama  is  (according  to  Pentland)   927  feet  higher  than  the 
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continent  of  South  Ameriotu     I  reckon  as  Tolcanoes^  besides 
those  which  are  still  burning  and  actire,  those  Tokanic 

Chlmborazo,  hvA  6650  feet  lower  than  Mount  Everest  in  the 
Hinialayay  which  is  now  regarded  as  the  highest  peak  of  Asia. 
JUcoiding  to  the  last  official  report  of  Col<mel  Wavgh,  g€  the 
1st  March,  1856.,  the  four  highest  mountains  of  the  Himalayan 
chain  are: — Mouni  Everett  (Gkuiasehanka)  to  the  north-east  of 
Katmandu,  29,000  feet,  —  the  Kimttckdnjmfei,  to  the  nor&  of 
l>arjiUng,  28,154  feet,-'the  Dhaulagiri  (IXhaTala|^),  2-6,825  foot, 
and  TschwauOari  (Chamalari),  28,946  feet. 

Yolesao  of  Pwnarape,  £ly699  feet,  lat.  18*  8',  ahnost  a  twin  moun* 
4un  "with  the  following  volcano. 

Volcano  of  Parinacota,  22,029  feet,  lat.  18''  12^ 

The  group  of  the  four  trachytic-oones  Sahanm,  Pomorape,  Parhuicota, 
and  Qualatieri,  lying  between  the  pantUels  of  18^  7' and  18®  ^9^,  is, 
accordiug  to  Pentland's  trigonometcio  measurement^  higher  than  Chim- 
horaso,  or  more  than  21,422  leet. 

Volcano  of  Gudlatieri*  21,962  feet,  lat.  18*  25',  in  the  BolivJan 
province  Carangas;  very  active^  according  to  Pentland  (fierika, 
BdL  xiii,  1829,  s.  21).  ^   ' 

Not  far  from  the  Sahcma^fnmp^  18*  7'  to  18*"  25^  the  series  of 
volcanoes  and  the  entire  chain  of  the  Andeci,  which  lies  to  the  westward 
of  it,  suddenly  change  their  strike,  and  pass  from  the  direction 
S.E.— N.W.  into  that  from  north  to  south,  which  becomes  general  as 
&r  as  the  Straits  of  Magellan.  I  have  treated  of  this  important  turning 
point,  the  notch  in  the  shore  near  Arioa  ( 18**  280  which  has  an  analogue 
on  the  west  coast  of  Africa  in  the  Gulf  of  Biafra^  in  the  first  volume  of 
Co»nu>t,  p.  296. 

Volcano  of  Idugct,  lat.  19*  20'»  in  the  province  of  Tarapaoa;,  to  the 
west  of  Carangas. 

Voiccm  de  San  Pedro  de  Atacama,  on  the  north-eastern  border  of  the 
Desierto  of  the  same  name,  in  lat.  22°  16',  according  to  the  new 
plan  of  the  arid  sandy  desert  {Desierto)  of  Atacama,  by  Br. 
Philippi,  16  miles  to  the  north-east  of  the  small  town  of  San  Pedro, 
not  far  from  the  great  Nevado  de  Chorolque. 

There  is  no  volcano  from  20}*  to  30*,  and  after  an  interruption  of 
more  than  568  miles,  the  volcanic  activity  first  reappears  in  the 
voleano  of  Goquimbo.  For  the  existence  ik  a  volcano  of  Oopiapo 
{lat.  27°  280  iB  denied  by  Meyen,  whilst  it  is  asserted  by  Philippi, 
who  is  well  acquainted  wilh  the  country. 

^  Our  geofrraphical  and  geological  knowledge  of  the  group  of  vol- 
cauoes,  which  we  include  in  the  common  name  of  the  linear  volcanoes 
of  Chili,  is  indebted  for  the  first  incitement  to  its  completion,  and 
even  for  the  completion  itself,  to  the  acute  investigations  of  Captain 
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fonnations  whose  old  eruptions  belong  to  historic  periods, 
or  of  which  the  structure  and  emptiye  masses  (craters  of 

Flisroy  in  the  memorable  expedition  of  the  ships  Adventure  and 
Beagle,  and  to  the  ingenious  and  more  detailed  labours  of  Charles 
Darwin.  The  latter,  with  his  peculiar  generalizing  yiew,  has  grasped 
the  connexion  of  the  phenomena  of  earthquakes  and  eruptions  of 
volcanoes  under  one  point  of  view.  The  great  natural  phenomenon 
which  destroyed  the  town  of  Copiapo  on  the  22nd  of  November,  1822. 
was  accompanied  by  the  upheaval  of  a  considerable  tract  of  country 
on  the  coast ;  and  during  the  exactly  similar  phenomenon  of  the  2(H£ 
February,  1835,  which  did  so  much  ii^jury  to  the  city  of  Concepcion, 
a  submarine  volcano  broke  out  with  fiery  eruptions  near  the  shore  of 
the  island  of  Chiloe,  near  Bacalao  Head,  and  raged  for  a  day  and  a  half. 
All  this,  depending  upon  similar  conditions,  has  also  occurred  formerly, 
aud  strengthens  the  belief  that  the  series  of  rocky  islands  which  lies 
opposite  to  the  Fjords  of  the  mainland  to  the  south  of  Valdivia  and 
of  the  Fuerte  Maullin,  and  includes  Chiloe,  the  Archipelago  of  Chonos 
and  Huaytecas,  the  Peninsula  de  Tres  Montes,  and  the  Islas  de  la 
Campana,  de  la  Madre  de  Dios,  de  Santa  Lucia  and  los  Lobos,  from 
39*  53'  to  the  entrance  of  the  Straits  of  Magellan,  is  the  crest  of  a 
submerged  western  Cordillera  projecting  above  the  sea.  It  is  true  that 
no  open  trachytic  cone,  no  volcano,  belongs  to  these  fractis  excequorc 
terris^  but  in<£vidual  submarine  eruptions,  sometimes  followed  and 
sometimes  preceded  by  mighty  earthquakes,  appear  to  indicate 
the  existence  of  this  western  fissure  (Darwin,  On  the  connexion  of 
volcanic  pkcenomena,  the  formaHon  of  mowntain  chainSf  cmd  the  effect  of 
the  same  powers,  by  which  coTitinents  a/re  devated :  in  the  Trcms.  Geol, 
Society,  2nd  series,  vol.  v,  pt.^,  1840,  pp.  606—615,  and  629—631 ; 
Humboldt,  Bssai  PoUUqyte  swr  la  NomiUe  Espagtie,  t.  i  p.  190,  and 
t.  ii  p.  287). 

The  series  of  24  volcanoes  included  in  the  group  of  Chili  is  as 
follows,  counting  fi^m  north  to  south,  from  the  parallel  of  Coquimbo 
to  46*  S.  lat.  :— 

(a.)  Between  the  parallels  of  Coquimbo  and  VaZparaiso: — 

Volcan  de  Coqmmbo  (lat.  30*  5') ;  Meyen,  th.  i  s.  385. 

Volcano  of  Limari, 

Volcano  of  Chuapri, 

Volcano  of  Aconcagita*,  W.N,W.,  of  Mendoza,  lat.  82*  89' ;  altitude 
23,004  feet,  according  to  Kellet  (See  p.  253,  note),  but  according 
to  the  most  recent  trigonometric  measurement  of  the  engineer 
Amado  Pissis  (1854),  only  22,301  feet ;  consequently,  rather  lower 
than  the  Sahama,  which  Pentland  now  assumes  to  be  22,350  feet 
(Gillis,  U.S.  Naval  Astron,  JSxped,  to  Chili,  vol.  i.  p.  13).  The 
geodetic  basis  of  measurement  of  Aconcagua  at  6797  metres,  which 
required  eight  triangles,  has  been  developed  by  M.  Pissis,  in  the 
Anales  de  la  Universidad  de  Chile,  1852,  p.  219. 
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elevation  and  eruption,  lavas,  scoriae,   pumice-stones  and 
obsidians)  characterise  them,  without  reference  to  anj  tra- 

The  Peak  of  Tupungato  is  stated  by  QilUas  to  be  22,450  English,  or 
21,063  Paris,  feet  in  height,  and  in  lat.  83*"  22' ;  but  in  the  map 
of  the  province  of  Santiago  by  Pissis  (Gilliss,  p.  45),  it  is  estimated 
at  22,016  English,  or  20,655  Paris,  feet.  The  latter  number  is  re- 
tained (as  6710  metres)  by  Pissis  in  the  AncUes  de  Chile,  1850, 
p.  12. 

4fi.)  Between  ike  pixraUels  ofValparaiso  and  Concepcion : 
Volcano  of  Maypu*^  according  to  Gilliss  (vol.  i,  p.  13),  in  lat.  34**  17', 
(but  in  his  general  map  of  Chili,  33**  47',  certainly  erroneously), 
and  17,662  feet  in  height.  Ascended  by  Meyen.  The  trachytic 
rock  of  the  summit  has  broken  through  upper  Jurassic  strata,  in 
which  Leopold  von  Buch  detected  Exogyra  Couloni,  Tngonia  cos- 
tata  and  AmnMmites  hipUx  from  elevations  of  9600  feet  {Desanp- 
tion  Physique  des  lies  Canaries,  1836,  p.  471).  No  lava  streams, 
but  eruptions  of  flame  and  scoriae  from  the  crater. 
Volcano  of  Peteroa*,  to  the  east  of  Talca,  in  lat.  34°  53' ;  a  volcano 
which  is  frequently  in  activity,  and  which,  according  to  Molina's 
description,  had  a  great  eruption  on  the  3r(i  December,  1762.  It 
was  visited  in  1831  by  the  highly-gifted  naturalist.  Gay. 

Volcan  de  ChiMan,  lat.  36*^  2' ;  a  region  which  has  been  described  by 
the  missionary  Havestadt  of  Miinster.  In  its  vicinity  is  situated 
the  Nevado  Descabezado  (35**  1'),  which  was  ascended  by  Domeyko, 
and  which  Molina  declared  (erroneously)  to  be  the  highest  moun- 
tain of  Chili.  Its  height  has  been  estimated  by  Gilliss  at  13,100 
feet  {U.S.  Naval  Astr,  Exped.,  1855,  vol.  i.  pp.  16  and  871). 

Volcano  of  Tucapely  to  the  west  of  the  city  of  Concepcion ;  also 
called  Silla  Veluda ;  perhaps  an  unopened  trachytic  mountain, 
which  is  in  connection  with  the  active  volcano  of  Antuco. 

(c)  Between  the  parallels  of  Ctmcepdon  and  Valdivia  : 
Volcano  of  Antuco*,  lat.  37**  7' ;  geognostically  described  in  detail  by 
Poppig;  a  basaltic  crater  of  elevation,  from  the  interior  of 
which  a  trachytic  cone  ascends,  with  lava-streams,  which  break 
out  at  the  foot  of  the  cone,  and  more  rarely  from  the  crater  at  the 
summit  (Poppig,  Jteise  in  Chile  and  Peru,  Bd.  i.  s.  364).  One  of 
*  these  streams  was  still  flowing  in  the  year  1828.  The  indefatig- 
able Domeyko  found  the  volcano  in  full  activity  in  1845,  Mid  its 
height  oidy  8920  feet  (Pentland,  in  Mary  Somerville's  Physical 
(ifeography,  vol.  i.  p.  186).  Gilliss  states  the  height  at  9242  feet, 
and  mentions  new  eruptions  in  the  year  1853.  According  to 
intelligence  communicated  to  me  by  the  distinguished  American 
astronomer,  Gilliss,  a  new  yolcano  rose  out  of  the  depths  in  the 
interior  of  the  Cordillera  between  Antuco  and  the  Descabezado 
on  the  26th  of  November,  1847,  forming  a  hill*  of  320  feet  The 
sulphureous  and  fiery  eruptions  were  seen  for  more  than  a  year 
VOL.  V.  V 
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ditaon,  SB  TDlcanoes  wbidb  bsve  long  beeneztinot.  TJnopened 
trachyittc  cones  and  donies,  or  unopened  long  tfrat*liytic  rtdgeaSy 
such  as  Chimborazo  and  Iztaccihuatl,  are  excluded.  This  is 
also  the  sense  gii^en  to  the  word  volcano  by  Leopold  Yon 
Bach,  Chailes  Darwin,  and  Friedrich  KatumiuuL  in  their  geo- 
graphical narrstiyes.  I  give  the  name  of  stsU  active  vol- 
canoes to  l^ose  which  when  seen  from  their  immediate 
vicinity,  still  exhibit  signs  of  greater  or  less  degrees  of  their 
activity,  and  some  which  have  also  presented  great  and  well- 
attested  eruptions  io  recent  times.  The  qualificaffcion  ^  seen 
from  their  immediate  vicanity,"  is  of  great  importance,  as 
the  preseat  existence  of  activity  is  denied  to  mai^  volcanoes, 
becanse,  when  obser:^ed  from  the  plain,  the  thin  vapours, 
which  ascend  from  the  orater  at  a  great  height,  remain 
invisible  to  the  eye.  Th'as  it  was  even  denied,  at  the  thne  of 
my  American  travels,  that  Fichincha  and  the  great  volcano 
of  Mexico  (Popocatepetl)  were  still  active  although  an  enter- 

hf  Dom^ko.  Far  to  the  eastward  of  the  volcano  ol  Antuco,  in 
a  parallel  chain  of  the  Andes,  Pof^pig  states  that  there  are  two 
other  active  volcanoes, —Punhamuidda*  and  Unalavquen*. 

7ohsaDo  of  OaOaqm, 
Vobem  de  ViUaria^,  laL  8»*  14^ 
Volcano  of  Ohinal,  lat.  89*  85^ 

Volcande  PanffuipttUi*,  lat.  40}^,  according  to  Major  FhOippi. 
(d)  Between  the  Parallels  of  Valdioia  and  the  touthemmoa  Cape  of 
ike  I  eland  ef  OkHoe: 
Yolcano  of  Saneo, 

Volcano  of  Otomo  or  Llanquihite;  lat.  41**  9';  height  7443  feet. 
Volcan  de  Oalbuco*  lat.  41**  12'. 
Volcano  of  Ouanahwa  (QuanegueQ 
Volcano  of  Minchmmadom,  lat  42*"  iS',  height  7903  &et. 
YoUan  del  Coreovado*  lat.  43*"  12',  height  7509  feet. 
Volcano  of  TaiUelea  (Yntales),  last.  48"  29^  height  8030  fwt 

Upon  the  last  four  volcanoes,  see  Captain  Fitzroy,  lEicped,  of  the 
Beagle,  vol.  ni,  p.  276,  and  G31ias,  vxA,  1,  p.  18. 

Volcano  of  San  Clemenie,  opposite  to  the  Pentnsnla  de  Tree  K ontes, 
which  consists,  according  to  Darwin,  of  granite,  lat.  46"  8'.  On 
the  great  map  of  South  America,  by  La  Cruz,  a  more  eoothem 
volcano  de  los  Gigantes  is  given,  opposite  the  Archipelago  de  la 
Madre  de  Dios,  in  lat.  51"  4'.     Its  existence  is  very  doubtful. 

The  latitudes  in  the  foregoing  table  of  volcanoes  are  for  the  most 
part  derived  from  the  maps  of  PiRsis,  Allan  Campbell^  and  Claude 
Oay,  in  the  admirable  work  of  Gilliss  (1855). 
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prising  traveller,  Sebastian  Wiase/'  counted  70  still  burning 
orifices  (fumaroles)  around  the  great  active  cone  of  eruption 
in  tbe  crater  of  Picbincha ;  and  I  was  myself  a  witness," 
at  tbe  foot  of  tbe  volcano  in  tbe  Malpais  del  Llano  de 
Tettimpa,  in  wbicb  I  bad  to  measure  a  base-line,  of  an  ex- 
tremely distinct  eruption  of  asbes  from  Popocstepetl. 

In  tbe  series  of  volcanoes  of  New  Granada  and  Quito, 
wbicb  in  18  volcanoes  includes  10  tbat  are  still  active,  and  is 
about  twice  tbe  lengtb  of  tbe  Pyrenees,  we  may  indicate,  &om 
"-^.b  to  south  as  four  smaller  groups  or  siibdivisions : — 
tbe  Paramo  de  Ruiz  and  tbe  neigbbouring  volcano  of  Tolima 
(latitude,  according  to  Acosta,  4°  55'  X.)  ;  Purace  and  Sotar% 
near  Popayan  (lat.  2i°) ;  tbe  Volcanes  de  Pasto,  Tuquerres 
and  Cumbal  (lat.  2°  20'  to  0"^  50^) ;  and  tbe  series  of  volcanoes 
from  Picbincba,  near  Quito,  to  tbe  unintermittently  active 
Sangay  (from  tbe  equator  to  2°  Soutb  latitude).  Tbis  last 
subdivision  of  tbe  active  group  is  not  particularly  remarkable 
amongst  tbe  volcanoes  of  tbe  New  World,  eitber  by  its  great 
length,  or  by  tbe  doseness  of  its  arrangement.  We  now 
know,  also,  tbat  it  does  not  include  the  highest  summit,  for 
tbe  Aconcagua  in  Chili  (lat.  32°  390,  ^f  23,003  feet,  according 
to  Kellet,  23,909  feet,  according  to  Fitzroy  and  Pentland, 
besides  tbe  Nevados  of  Sahama  (22,349  feet),  Parincota 
(22,030  feet),  Gualateiri  (21,962  feet),  and  Pomarape  (21,699 
feet),  all  from  between  18°  T  and  18**  25'  soutb  latitude,  are 
regarded  as  higher  than  Chimborazo  (21,422  feet).  Never- 
theless, of  all  tbe  volcanoes  of  tbe  new  continent,  the  vol- 
canoes of  Quito  enjoy  tbe  most  widely  spread  renown,  for 
to  these  mountains  of  the  chain  of  the  Andes,  to  tbis  high 
land  of  Quito,  attaches  the  memory  of  those  assiduous  astro- 
nomical, geodetical,  optical,  and  barometrical  labours,  directed 
to  important  ends,  which  are  associated  with  tbe  illuBtrious 
names  of  Bouguer  and  La  Condamine.  Wherever  intel- 
lectual tendencies  prevail,  wherever  a  rich  harvest  of  ideas 
biis  been  excited,  leading  to  the  advancement  of  severa) 
seiences  at  tbe  same  time,  fame  remains  as  it  were  locally 
attached  for  a  long  time.  Such  fame  has  in  like  manner 
belonged  to  Mont  Blanc  in  the  Swiss  Alps, — ^not  on  account 

76  Humboldt,  Klemere  SckHften,  Bd.  i,  s.  90. 

77  24th  of  January,  1804.     See  my  ^ai  Politique  sur  la  Nouvdh' 
Sspofftie,  t.  i,  p.  166. 
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of  its  height,  which  only  exceeds  that  of  Monte  Bosa  bj 
about  557  feet, — not  on  account  of  the  danger  overcome 
in  its  ascent, — ^but  on  account  of  the  value  and  multiplicity 
of  the  physical  and  geological  views  which  ennoble  Saus« 
sure's  name,  and  the  scene  of  his  untiring  industry.  Nature 
appears  greatest  where,  besides  its  impression  on  the  senses, 
it  is  also  reflected  in  the  depths  of  thought. 

The  series  of  volcanoes  of  Peru  and  Bolivia,  still  entirely 
belonging  to  the  equinoctial  zone,  and  according  to  Fentland, 
only  covered  with  perpetual  snow  at  an  elevation  of  16,945 
feet  (Darwin,  Journal,  1845,  p.  244),  attains  the  maximum  of 
its  elevation  (22,349  feet)  at  about  the  middle  of  its  length 
in  the  Sahama  group,  between  18°  7'  and  18°  25'  south  lati- 
tude. There,  in  the  neighbourhood  of  Arica,  appears  a  sin- 
gular, bay-like  bend  of  the  shore,  which  corresponds  with  a 
sudden  alteration  in  the  axial  direction  of  the  chain  of  the 
Andes,  and  of  the  series  of  volcanoes  lying  to  the  west  of  it. 
Thence,  towards  the  south,  the  coast  line,  and  also  the  vol- 
canic fissure,  no  longer  strike  from  south-east  to  north- 
west, but  in  the  direction  of  the  meridian,  a  direction  which 
is  maintained  until  near  the  western  entrance  into  the  Straits 
of  Magellan,  for  a  distance  of  more  than  two  thousand  miles. 
A  glance  at  the  map  of  the  ramifications  and  groups  of  moun- 
tains of  the  chain  of  the  Andes,  published  by  me  in  the  year 
1831,  exhibits  many  other  similar  agreements  between  the 
outline  of  the  New  Continent,  and  the  near  or  distant 
Cordilleras.  Thus  between  the  promontories  of  Aguja  and 
San  Lorenzo  (5^°  to  1°  south  latitude),  both  the  coast  line 
of  the  Pacific  and  the  Cordilleras  are  directed  from  south 
to  north,  after  being  directed  so  long  from  south-east  to 
north-west,  between  the  parallels  of  Arica  and  Caxamarca ; 
xind  in  the  same  way  the  coast-line  and  the  Cordilleras  run 
from  south-west  to  north-east,  from  the  mountain  group  of 
Imbaburu,  near  Quito,  to  that  of  los  Robles,'®  near  Popayan. 

7^  The  mica  schiat  mountaiii  group  de  los  Robles  (lat.  2°  2')  and  of  the 
Ptiramo  de  las  Papas  (lat.  2^  20')  contains  the  Alpine  lakes,  Laguna  de 
S.  lago  and  L.  del  Buey,  scarcely  six  miles  apart;  from  the  former  springs 
the  Cauca,  and  from  the  latter  the  Magdalena,  which,  being  soon  sepa^ 
rated  by  a  central  mountain  chain,  only  unite  with  each  other  in  the 
I>arallel  of  9*  27',  in  the  plains  of  Mompox  and  Tenerife.  The  above- 
mentioned  mountain  group  between  Popayan,  Almaguer,  and  Timana 
U  of  gruat  importeuce  in  connection  with  the  geological  question  whether 
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With  regard  to  the  geological  causal  connection  of  the  agree- 
ment, which  is  so  often  manifested  between  the  outlines  of 

the  Tolcanic  chain  of  the  Andes  of  Chili^  Peru,  Bolivia,  Quito,  and 
New  Granada,  be  connected  with  the  mountain  chain  of  the  Isthmaii' 
of  Panama,  and  in  this  way  with  that  of  Verq,gua  and  the  series  of  vol- 
canoes of  Costa  Rica  and  Central  America  in  general.  In  my  maps 
of  1816,  1827,  and  1831,  the  mountain-systems  of  which  have  been 
made  more  generally  known  by  £ru<$  in  Joaquin  Acosta's  fine  map  of 
New  Granada  (1847)  and  in  other  maps,  I  have  ehown  how  the  chain 
of  the  Andes  undergoes  a  triple  division  under  the  northern  parallel 
of  2*  10';  the  western  Cordillera  running  between  the  valley  ,oi  th» 
Bio  Cauca  and  the  Bio  Atrato;  the  middle  one  between  the  Cauca  and 
the.  Bio  Magdalena;  and  the  eastern  one  between  the  valley  of  th& 
Magdalen  a  and  the  Llanos  (plains)  which  are  watered  by  the  affluents 
of  the  Marafion  and  Orinoco.  I  have  been  able  to  indicate  the  special 
direction  of  these  three  Cordilleras  from  a  great  number  of  points 
which  fall  in  the  series  of  astronomical  local  determinations,  of  which 
I  obtained  152  in  South  America  ^one  by  culminations  of  stars. 

To  the  east  of  the  Rio  Dagua,  and  to  the  west  of  Cazeres,  Rolda* 
nilla,  Toro,  and  Anserma,  near  Cartago,  the  western  Cordillera  run» 
S.S.W. — N.N.E.,  as  far  as  the  Salto  de  San  Antonio  in  the  Rio  Cauca 
(lat.  5"  14')  which  lies  to  the  south-west  of  the  Vega  de  Supia.  Thence, 
as  far  as  the  Alto  del  Viento  (Cordillera  de  Abibe,  or  Avidi,  lat.  7°  12') 
9600  feet  in  height,  tho  chain  increases  considerably  in  elevation  and 
bulk,  and  amalgamates,  in  the  province  of  Antioquia,  with  the  inter- 
mediate or  Central  Cordillera.  Further  to  the  north,  towards  the 
sources  of  the  Rios  Lucio  and  Guacuba,  the  chain  ceases,  dividing  into 
ranges  of  hills.  The  Cordillera  ocddental,  which  is  scarcely  32  miles 
from  the  coast  of  the  Pacific  near  the  mouth  of  the  Dagua  in  the 
Bahia  de  San  Buenaventura  (lat.  S**  50^  is  twice  this  distance  in  the 
parallel  of  Quibdo  in  ^e  Choco  (lat.  6"  48').  This  observation  is  of 
some  importance,  because  we  must  not  confound  with  the  western 
chain  of  the  Andes,  the  country  with  high  hills,  and  the  range  of  hills, 
which  in  this  province,  so  rich  in  gold  dust,  runs  from  south  to  north 
from  Novita  and  Tado  along  the  right  bank  of  the  Rio  San  Juan  and 
the  left  bank  of  the  great  Rio  Atrato.  It  is  this  inconsiderable  series  of 
hills  that  is  intersected  in  the  Quebrada  de  la  Raspadura,  by  the 
canal  of  Raspadura  {Canal  des  Monches),  which  unites  two  rivers  (the 
Rio  San  Juan  or  Noanama  and  the  Rio  Quibdo,  a  tributary  of  the 
Atrato)  and  by  their  means  two  oceans  (Humboldt,  Esaai  PolUiqtu:,t.u 
p.  285);  it  was  this  also  which  was  seen  in  the  instructive  expedition  of 
Captain  Kellet  between  the  Bahia  de  Cupica  (lat.  6"  42')  long  and  fruit- 
lessly extolled  by  me,  and  the  sources  of  the  Napipi,  which  falls 
into  the  Atrato.  (See  Humboldt,  Op.  ctt.  t.  i,  p.  231 ;  and  Robert 
Fitzroy,  Considerations  on  the  Great  IsUimus  of  Central  America,  in 
the  Journal  qf  Hie  RoyaX  Geogr,  Soc,  vol.  xx,  1861,  pp.  178,  180,  and 
186). 

The  middle  chain  of  the  Andes  (Cordillera  Central),  constantly  the 
highest^  reaching  within  the  limit  of  perpetual  gnoWi  and  in  its  entire 
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continents  and  the  direction  of  near  mountain  chains  (South 

America,  AMeghanys,  Norway,  Apennines),  it  appears  dif^- 

cult  to  come  to  any  decision. 

extent,  direoted  nearly  from  eouth  to  north,  like  the  western  chain, 
commences  about  35  miles  to  the  north-east  of  Popayan  with  the 
Paramos  of  Guanacos,  Huila,  Iraca,  and  Chinche.  Further  on  towards 
the  north,  between  Buga  and  Chaparral,  rise  the  elongated  ridge  of  the 
Nevado  de  Baraguan  (lat.  4°  IV),  la  Montafia  de  Quindio,  the  snow- 
capped, truncated  cone  of  Tolima»  the  Volcano  and  Paramo  de  Ruiz 
«knd  the  Mesa  de  Herveo.  These  high  and  rugged  mountain  deserts,  to 
which  the  name  of  Paramot  is  applied  in  Spanish,  are  dietiDguished  by 
their  temperature  and  a  peculiar  character  of  vegetation,  and  rise  in  the 
part  of  the  tropical  region  which  I  here  describe,  according  to  the  mean 
of  many  of  my  measurements,  from  10,000  to  11,700  feet  above  the 
\ev-el  of  the  sea.  In  the  parallel  of  Mariquita,  of  the  Herveo  and  the 
Balto  de  San  Antonio,  in  the  valley  of  the  Cauca,  there  commences  a 
union  of  the  western  and  central  chains,  of  which  mention  has  already 
been  made.  This  amalgamation  becomes  most  remarkable  between 
the  above-mentioned  Salto  and  the  Angostura  and  Cascada  de  Cara- 
manta,  near  Supia.  Here  is  situated  the  high  land  of  the  province  of 
Antioquui,  so  difficult  of  access,  which  extends,  according  to  Manuel 
Bestrepo,  from  5^®  to  8°  34' ;  in  this  we  may  mention  as  points  of 
elevation  from  south  to  north:  Arma,  Sonson,  to  the  north  of  the 
sources  of  the  Bio  Samana :  Marinilla,  Bio  Negro  (6844  feet),  and 
Medellin  (4847  feet),  the  plateau  of  Santa  Bosa  (8466  feet)  and  Valle  de 
Osos.  Further  on,  beyond  Cazeres  and  Zaragoza,  towards  the  conflu- 
ence of  the  Cauca  and  ]S  eohi,  the  true  mountain  chain  disappears,  and 
the  eastern  slope  of  the  Cerros  de  San  Lucar,  which  I  saw  ttom  Badillas 
(lat.  8°  10,  and  Paturia  (lat.  7"  36'),  during  my  navigation  and  survey  of 
the  Magdalena,  is  only  perceptible  from  its  contrast  with  the  broad 
river-plain. 

The  eastern  Cordillera  possesses  a  geological  interest  in  as  much  as  it 
not  only  separates  the  whole  northern  mountain  system  of  New  Granada 
from  the  lowland,  from  which  the  waters  flow  partly  by  the  Caguan 
and  Caqueta  to  the  Amazons,  and  partly  by  the  Guaviare,  Meta,  and 
Apure  to  the  Orinoco,  but  also  unites  itself  most  distiuctly  with  the 
littoral  chain  of  Caraccas.  What  is  called  in  systems  of  veins  a  raking 
takes  place  there, — a  union  of  mountain  chains  which  have  been  ele- 
Tated  upon  two  fissures  of  very  different  directions,  and  probably  even 
at  very  different  times.  The  eastern  Cordillera  d^arts  £ftr  more  than 
the  two  others  l&om  a  meridional  direction,  divergiDg  towards  the 
north-east,  so  that  at  the  snowy  mouutains  of  Merida  (lat.  8°  10')  it 
already  lies  5  degrees  of  longitude  further  to  the  east,  than  at  its  issue 
from  the  mountain  group  de  lus  Bobles,  near  the  Ceja  and  Timana.  To 
the  north  of  the  Paramo  de  la  Suma  Paz,  to  the  east  of  the  Purificacion, 
on  the  western  declivity  of  the  Paramo  of  Chiogaza,  at  an  altitude  of 
only  8760  feet,  rises,  over  an  oak  forest,  the  fine  but  treeless  and  stem 
plateau  of  Bogota  (lat.  4"  360.  I*  occupies  about  288  geog.  square  miles 
and  its  position  presents  a  remarkable  Aimilanty  to  thflt  <d  the  baain 
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Although^  in  the  senes  of  volcaiioes  of  Bolivia  and  Chili^ 
the  western  branch  of  the  ehain  of  the  Andes,  which 
ajpproaches  nearest  to  the  PaeifiiS,  at  pvesent  eidiibits  the 
greater  part  of  the  traces  of  still  existing  volcanic  activity, 
y^y  a  very  experienced  observer,  Pentland,  has  disoov^^ 
at  the  foot  of  the  eastern  chain^  more  than  180  j^aog.  miles 
from,  the  sea-coast,  a  perfectly  preserved,  but  extinct  crater, 
with  immistakeable  lavarstreiuns.  This  is  situated  upon  the 
summit  of  a  conical  mountain^  near  San  Pedro  de  Oaoha^  in 

of  Cashmere,  wMcb,   however,  according  to  Tictor  Jacquemont,   is 
about  3410  feet  lower  at  the  Wuller  lake,  and  belongs  to  the  south- 
western declivity  of  the  Himalayan  chain.     The  plateau  of  Bogota  and 
the  Paramo  de  Chingaza,  are  followed  in  the  eastern  CovdilleEa  of  the 
Andes  towards  the  north-east  by  the  Piramos  of  Guaohaneque,  above 
Tunja;  of  Zoraca^  above  Sogamoso;  of  Chita  (16,000  feet?),  near  the 
sources  of  the  Rio  Casanare,  a  tributary  of  the  Meta;  of  the  Almorzadera 
(12,854  feet),  near  Socorro;  of  Cacota  (10,986  feet),  near  Pamplona;  of 
Laura  and  Porquera  near  la  Grita.     Here,  between  Pamplona,  Salazav, 
and  Rosario  (between  lat.  7°  8'  and  7°  50')  is  situated  the  small  moun- 
tain group,  from  which  a  crest  extends  fi-om  south  to  north  towards 
Ocaiia  and  Yalle  de  Upar,  to  the  west  of  the  Laguna  de  Maraoaibo,  and 
unites  with  the  most  advanced  cnountains  of  the  Sierra  Nevado  de  Santa 
Marta  (19,000  feet?).     The  more  elevated  and  vaster  crest  continues  in 
tile  original  north-easterly  direction  towards  Merida,  TruxiUo,  and  £ar- 
quisimeto,  to  unite  there,  to  the  eastward  of  the  Laguna  de  Macacaibo, 
with  the  granitic  littoral  chain  of  Venezuela,  to  the  west  of  Puerto  Cabello. 
Prom  the  Grita  and  the  Paramo  de  Porquera  the  eastern  Cordillera 
rises  again  at  once  to  an  extraordinary  height.     Between  the  parallels 
of  8"  5'  and  9°  7',  fbUow  the  Sierra  Nevada  de  Merida  (Mucuchies) 
examined  by  Boussingault  and  determined  by  Codaezi  trigonometii- 
cally  at  15,069  feet;  and  the  four  Paramos  de  Timotes,  Niquitao,  Booond, 
and   de  las  Rosas,   full  of  the  most  beautiful  Alpine  plants.     (See 
Codazzi,  ResHmen  de  la  Geografia  de  Venezuela^  1841,  pp.  12  and  495; 
and  also  my  Asie  Centrale,  t.  iii,  pp.  258 — 262,  with  regard  to  the 
elevation  of  the  perpetual  snow  in  this  zone.)    The  westeim.  Cordil- 
lera is  entirely  wanting  in  voloanio  activity,  which  is  peculiar  to  the 
central  Cordillera  as  far  as  the  Tolima  and  Paramo  de  Ruiz,  which,  how- 
ever, are  separated  from  the  volcano  of  Purac6  by  nearly  three  d^rees 
of  latitude.     The  eastern  Cordillera  has  a  smoking  hill  near  its  eastern 
declivity,  at  the  origin  of  the  Rio  Fragua,  to  the  north-east  of  Mocoa 
and  south-east  of  Timana,  at  a  greater  distance  from  the  shore  of  the 
Pacific,  than  any  other  still  active  volcano  of  the  New  World.    An 
accurate  knowledge  of  the  local  relations  of  the  volcanoes  to  the 
arrangement  of  the  mountain  chains  is  of  the  highest  importance  for 
the  completion  of  the  geology  of  volcanoes.    All  the  older  maps, 
with  the  single  exception  of  that  of  the  high  land  of  Quito,  can  only  lead 
to  error. 
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the  valley  of  Tucay,  at  an  elevation  of  nearly  12,000  feet 
(lat.  14°  8',  long.  71°  20^),  fiouth-east  fi.x>m  Cuzco,  where  tire 
eastern  snowy  chain  of  Apolobamba,  Carabaya,  and  Vilcanoto 
extends  from  south-east  to  north-west.  This  remarkable 
poinf^'  is  marked  by  the  ruins  of  a  famous  temple  of  the 
Inca  Yiracocha.  The  distance  from  the  sea  of  this  old  lava- 
producing  volcano  is  far  greater  than  that  of  Sangay,  wbich 
also  belongs  to  an  eastern  Cordillera^  and  greater  than  thal^ 
of  Orizaba  and  Jorullo. 

An  interval  of  540  miles  destitute  of  volcanoes  separates 
the  series  of  volcanoes  of  Peru  and  Bolivia  from  that  of  Chili 
This  is  the  distance  of  the  eruption  in  the  desert  of  Atacama 
from  the .  volcano  of  Coquimbo.  At  2°  34'  further  to  the 
south,  as  already  remarked,  the  gi'oup  of  volcanoes  of  Chili 
attains  its  greatest  elevation  in  the  volcano  of  Aconcagua 
(23,003  feet),  which,  according  to  our  present  knowledge,  is 
also  the  maximum  of  all  the  summits  of  the  new  Continent. 
The  average  height  of  the  Sahama  group  is  22,008  feet; 
consequently  586  feet  higher  than  Chimborazo.  Then  follow, 
diminishing  rapidly  in  elevation,  Cotopaxi,  Arequipa  (r),  and 
Tolima,  between  18,877  and  18,129  feet  in  height.  I  give^ 
in  apparently  very  exact  numbers,  and  without  alteration, 
the  results  of  measurements  which  are  unfortunately  com- 
pounded from  barometrical  and  trigonometrical  determi- 
nations, because  in  this  way  the  greatest  inducement  will 
be  given  to  the  repetition  of  the  measurements  and  correc- 
tion of  the  results.  In  the  series  of  volcanoes  of  Chili,  of 
which  I  have  cited  24,  it  is  unfortimately  for  the  most  part 
only  the  southern  and  lower  ones,  from  Antuco  to  Yantales, 
between  the  parallels  of  37°  20'  and  43°  40',  that  have  been 
hypsometrically  determined.  These  have  the  inconsiderable 
elevation  of  from  six  to  eight  thousand  feet.  Even  in  Tierra 
del  Fuego  itself  the  summit  of  the  Sarmiento,  covered  with 
perpetual  snow,  only  rises,  according  to  Fitzroy,  to  6,821 
feet.  From  the  volcano  of  Coquimbo  to  that  of  San 
Clemente  the  distance  is  968  miles. 

^  Pentland,  in  Mrs.  SomerviUe's  Physical  Geography  (1861),  vol.  1, 
p.  185.  The  Peak  of  Vilcanoto  (17,020  feet),  situated  in  lat.  14*  28', 
forming  a  portion  of  the  vast  mountain  group  of  that  name,  closes  the 
northern  extremity  of  the  plateau,  in  which  the  lake  of  Titicaca,  a 
email  inland  sea  of  88  miles  in  length,  is  situated. 
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With  regard  to  the  activity  of  the  volcanoes  of  Chili,  we 
have  the  important  testimony  of  Charles  Darwin,^  who 
refers  very  decidedly  to  Osomo,  Corcovado,  and  Aconcagua 
as  being  ignited;  the  evidence  of  Meyen,  Poppig,  and 
Gay,  who  ascended  Maipu,  Antuco  and  Peteroa ;  and  that 
of  Domeyko,  the  astronomer  Gilliss,  and  Major  PhOippi. 
The  number  of  active  craters  may  be  fixed  at  thirteen,  only 
five  fewer  than  in  the  group  of  Central  America. 

From  the  five  groups  of  serial  volcanoes  of  the  New  Con- 
tinent, which  we  have  been  able  to  describe  from  aatronb- 
nomical  local  determinations,  and  for  the  most  part  also  hyp- 
sometrically  as  to  position  and  elevation,  let  us  now  turn  to 
the  Old  Continent,  in  which,  in  complete  opposition  to  the 
New  World,  the  greater  part  of  the  approximated  volcanoes 
belong  not  to  the  mainland  but  to  the  islands.  Most  of  the 
European  volcanoes  are  situated  in  the  Mediterranean  Sea, 
and  indeed  (if  we  include  the  great  and  repeatedly  active 
crater  between  Thera,  Therasia,  and  Aspronisi),  in  the  Tyr- 
rhenian and  ^gdean  parts ;  in  Asia  the  most  mighty  vol- 
canoes  are  situated  to  the  south  and  east  of  the  continent 
on  the  large  and  small  Sunda  Islands,  the  Moluccas,  and 
the  Philippines,  in  Japan,  and  the  Archipelagoes  of  the 
Kurile  and  Aleutian  Islands. 

In  no  other  region  of  the  earth's  surface  do  such  frequent 
and  such  fresh  traces  of  the  active  commimication  between 
the  interior  and  exterior  of  our  planet  show  themselves,  as 
upon  the  narrow  space  of  scarcely  12,800  geographical  (16,928 
English)  square  miles  between  the  parallels  of  10°  south  and 
14°  north  latitude,  and  between  the  meridians  of  the  southern 
point  of  Malacca  and  the  western  point  of  the  Papuan  penin- 
sula of  New  Guinea.  The  area  of  this  volcanic  island-world 
scarcely  equals  that  of  Switzerland,  and  is  washed  by  the 
seas  of  Sunda,  Banda,  Solo,  and  Mindoro.  The  single  island 
of  Java  contains  a  greater  number  of  active  volcanoes  than 
the  entire  southern  half  of  America,  although  this  island 
is  only  544  miles  in  length,  that  is,  only  one-seventh  of  the 
length  of  South  America.  A  new  but  long-expected  light 
has  recently  been  difiused  over  the  geognostic  nature  of  Java 
(after  previous  very  imperfect  but  meritorious  works  by 

^  See  Darwin,  Jtyivntal  of  Reseaiche^  in  NatwraZ  History  and  Geology 
during  the  Voyage  of  the  Beagle,  1845,  pp.  275,  291,  and  310. 
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Horsfield,  Sir  Tkomss  Stamford  Raffles  and  Beinwardt),  by 
a   learned,  bold,  and  iintirmgly  active  naturalist^    Franz 
Jungbnhn.     After  a  residence  of  more  than  twelve  years  be 
bas  given  the  entire  natucal  bistory  of  tbe  country  in  an 
instructive  work,  JRwa,  Urn  farniy  vegetable   eovering,   and 
internal  structure.     More  than  400  elevaiiions  are  carefuQy 
determined  barometrically;  tbe  vulcaaxic  cones  and  beIlH3ba|)ed 
mountains,  45  in  number,  are  represented  in  profile,  and  aH 
but  tbree"^  of  tbem  were  ascended  by  Jungbubn.    More  than 
balf  (at  least  28)  were  fsund  to  be  still  burning  and  active ; 
tbeir  remarkable  and  various  profiles  are  described  with 
extraordinary  clearness,  and  even  tbe  attainable  bistory  of 
tbeir  eruptions  is  investigated.     No  less  important  than  the 
volcanic  phenomena  of  Java  are  its  sedimentary  formations 
of  the  Tertiary  period,  which  were  entirely  unknown  to  us 
before  the  appearance  of  the  complete  work  just  mentioned, 
although  they  cover  three- fifths  of  the  entire  area  of  the 
island,  especially  in  the  southern  parts.    In  many  districts 
of  Java  there  occiur,  as  the  remains  of  former  widely-spread 
forests,  fragments,  from  three  to  seven  feet  in  length,  of  sili- 
cified  trunks  of  trees,  which  all  belong  to  the  Dicotyledons. 
For  a  country  in  which  at  present  an  abundance  of  palms 
and  tree  ferns  grows,  this  is  the  more  remarkable,  because 
in  the  Miocene  tertiary  rocks  of  the  brown-coal  formation 
of  Europe,  where  arborescent  Monocotyledons  no  longer 
thrive,  fossil  palms  are  not  unfrequently  met  with.^    By 
a  diligent  collection  of  the  impressions  of  leaves  and  fos- 
silized woods,  Jungbubn  bas  been  enabled  to  give  us,  as 
the  first  example  of  the  fossil  Flora  of  a  purely  tropical 
region,  the  ancient  Flora  of  Java,  ingeniously  elaborated  by 
Ooppert  from  his  collection. 

As  regards  the  elevation  to  which  they  attain,  the  vol- 
canoes of  Java  are  far  inferior  to  those  of  the  i^iree  groups 

8*  Junghuhn,  Java,  Bd.  i,  8.  79. 

®  Op.  cit.  Bd.  iii,  s.  155,  and  GKippert,  Die  TerticMflora  cmf  der  Intd 
Java  nach  den  JEnideckungen  von  Fr.  Jvmglmhn  (1864),  s.  17.  The 
absence  of  Monocotyledons  is,  however,  peculiar  to  the  silicified  trunks 
of  trees  lying  scattered  upon  the  surface,  and  especially  in  the 
rivulets  of  the  district  of  Bantam ;  in  the  subterranean  carbonaceous 
strata,  on  the  contrary,  there  are  remains  of  palm- wood,  belonging 
to  two  genera  {JPloibfMajria  and  Am^ontaimm),  See  Gopperty  s.  31 
and  35. 
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of  Chili,  Boliida,  and  Peru,  and  even  to  those  of  the  two 
groups  of  Quito  with  New  Grauada,  and  of  Tropical  Mexico. 
The  maxima  attained  by  these  Americans  groups  are  : — For 
Chili,  Bolivia,  and  Quito,  21,000.  to  2^,000  &et,  and  for 
Mexico,  18,000  leet.  This  is  nearly  ten  thousand  feet 
(about  the  height  of  Etna),  more  than  the  greatest  elevation 
of  the  volcanoes  of  Sumatra  and  Java.  On  the  latter  island 
the  highest  still  burning  eolossus  is  the  Gunong  Semeru, 
the  culminating  point  of  the  entire  Javanese  series  of  vol- 
canoes. Junghuhn  ascended  this  in  September,  1844 ;  the 
average  of  his  barometric  measurements  gave  12,233  feet 
above  the  sur^tce  of  the  sea,  and  consequently  1748  feet 
more  than  the  summit  of  Etna.  At  night  the  centigrade 
th^mometer  fell  below  Q\2  (43''.2  Eahr.).  The  old  Sanscrit 
name  of  Gunung  Semeru  was  MahorMeru  (the  great  Mem) ; 
a  r<>tminiscence  of  the  time  when  the  Malays  received  Indian 
civilisation, — a  reminiscence  of  the  Mountain  of  the  World 
in  the  north,  which,  according  to  the  Mahabhcurata,  is  the 
dwelling-place  of  Brahma,  Vishnu,  and  the  seven  DSvarschi^ 
It  is  remairkable  that,  as  the  natives  of  the  plateau  of  Quito 
had  guessed,  before  any  measurement,  that  Chtmborazo  sur- 
passed all  the  other  snowy  moimtains  in  the  country,  the 
Javanese  also  knew  that  the  Holy  Mountain  Maha-Meru, 
which  is  but  at  a  short  distance  from  the  Giinung  Ardjuno 
(11,031  feet)  exhibited  the  maximum  of  elevation  upon  the 
island,  and  yet,  in  this  case,  in  a  country  free  from  snow,  the 
greater  distance  of  the  summit  &om  the  level  of  the  lower 
limit  of  perpetual  snow  could  no  more  serve  as  a  guide  to 
the  judgment  than  the  height  of  an  occasional  temporary  fall 
of  snow.®* 

Tbe  elevation  of  the  Gunung  Semeru,  which  exceeds 
11,000  (11,726  English)  feet,  is  most  closely  approached 
by  four  other  mountains,  which  were  found  hypsometrically 
to  be  between  ten  and  eleven  thousand  feet.  These 
are:    Gunung^    Slamat,    or   mountain    of   Tegal    (11,116 

*  Upon  the  signification  of  the  word  MSru,  and  the  conjectures 
which  Burnouf  communicated  to  me  regardiug  its  connection  with 
mtra  (a  Sanscrit  word  for  «ea),  see  my  Asie  CeiUrcUe,  t.  i,  pp.  114 — 116, 
and  Lassen's  Indieche  Alterthumshmde,  Bd.  i,  s.  847.  The  latter  is 
inclined  to  regard  the  names  as  not  of  Sanscrit  origin. 

w  See  page  240. 

^  Gwiung  is  the  Javanese  word  for  mountain,  in  Malayan,  gii/noTig^ 
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feet),  Giinung  Ardjuno  (11,031  feet),  Gmmng  Sumbing 
(11,029  feet),  and  Gunung  Lawu  (10,726  fe^).  Seven 
other  volcanoes  of  Java  attain  a  height  of  nine  or  ten 
thousand  feet ;  a  result  which  is  of  the  more  importance  as 
no  summit  of  the  island  was  formerly  supposed  to  rise  higher 
than  six  thousand  feet.®*  Of  the  five  groups  of  North  and 
South  American  volcanoes,  that  of  Guatemala  (Central 
America)  is  the  only  one  exceeded  in  mean  elevation  by 
the  Javanese  group.  Although  in  the  vicinity  of  Old 
Guatemala  the  Volcan  del  Puego  attains  a  height  of  13,109 
feet  (according  to  the  calculation  and  reduction  of 
Poggendorff),  and  therefore  874  feet  more  than  Gimung 
Semeru,  the  remainder  of  the  Central  American  series  of 
volcanoes  only  varies  between  five  and  seven  thousand  feet, 
and  not  as  in  Java  between  seven  and  ten  thousand  feet. 
The  highest  volcano  of  Asia  is  not,  however,  to  be  sought 
in  the  Asiatic  Islands  (the  Archipelago  of  the  Sunda 
Islands),  but  upon  the  continent ;  for  upon  the  peninsula 
of  Kamtschatka  the  volcano  Kljutschewsk  rises  to  15,763 
feet,  or  nearly  to  the  height  of  the  Rucu-Pichincha,  in  the 
Cordilleras  of  Quito. 

which  singularly  enough  is  not  further  disseminated  over  the  enormous 
domain  of  the  Malayan  language ;  see  the  comparative  table  of  words  m 
my  brother's  work  upon  the  Eawi  language,  vol.  ii,  s.  249,  No.  62.  Aa 
it  is  the  custom  to  place  this  word  gunung  before  the  names  of  moun^ 
tains  in  Java,  it  is  usually  indicated  in  the  text  by  a  simple  G. 

^  Leopold  de  '&\i(^t  Deicription  Physique  des  lies  Canaries,  18Z6, 
p.  419.  Not  only  has  Java  (Junghuhn,  Th.  i.  s.  61,  and  Th.  ii.  s.  547) 
a  colossal  mountain,  tl^e  Semeru  of  12,233  feet,  which  consequently 
exceeds  the  Peak  of  Teneriffe  a  little  in  height,  but  an  elevation  of 
12,256  feet  is  also  attributed  to  the  Peak  of  Indrapura,  in  Sumatra, 
which  is  also  still  active,  but  does  not  appear  to  have  been  so  accu- 
rately measured  (Th.  i,  s.  78,  and  profile  Map  No.  1).  The  next  to 
this  in  Sumatra,  are  the  dome  of  Telaman,  which  is  only  one  of  the 
summits  of  Ophir  (not  13,834,  but  only  9603  feet  in  height),  and  the 
Merapi  (according  to  Dr.  Horner,  9571  feet)  the  most  active  of  the 
thirteen  volcanoes  of  Sumatra,  which,  however,  (Th.  ii.  s.  294,  and 
Junghuhu's  Battaldnder^  1847,  Th.  i,  s.  25)  is  not  to  be  confounded, 
from  the  similarity  of  the  names,  with  two  volcanoes  of  Java, — the 
celebrated  Merapi,  near  Jogjakerta  (9208  feet),  and  the  Merapi,  which 
forms  the  eastern  portion  of  the  summit  of  the  volcano  Idjen  (8595 
feet).  In  the  Merapi,  it  is  thought  that  the  holy  name  Miru  is  again 
to  be  detected,  combined  with  the  Malayan  and  Javanese  word  api,  tire. 
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The  principal  axis'"  of  the  closely  approximated  series  of 
the  Javanese  volcanoes  (more  than  45  in  numher)  has  a 
direction  W.N.W.— KS.E.  (exactly  W.  12°  K),  and  there- 
fore principally  parallel  to  the  series  of  volcanoes  of  the 
eastern  part  of  Sumatra,  but  not  to  the  longitudinal  axis  of 
the  island  of  Java.  This  general  direction  of  the  chain  of 
volcanoes  by  no  means  excludes  the  phenomenon  to  which 
attention  has  very  recently  been  directed  in  the  great  chain 
of  the  Himalaya,  that  three  or  four  individual  high  summits 
are  so  arranged  together,  that  the  small  axes  of  these  partial 
series  form  an  oblique  angle  with  the  primary  axis  of  the 
chain.  This  phenomenon  of  fissure,  which  has  been  observed 
and  partially  described''®  by  Hodgson,  Joseph  Hooker,  and 
Strachey,  is  of  great  interest.  The  small  axes  of  the  subsi- 
diary fissures  meet  the  great  axis,  sometimes  almost  at  a 
right  angle,  and  even  in  volcanic  chains,  the  actual  maxima 
of  elevation  are  often  situated  at  some  distance  from  the 
major  axis.  As  in  most  linear  volcanoes,  no  definite  pro- 
portion is  observed  in  Java,  between  the  elevation  and  the 
size  of  the  crater  at  the  summit.  The  two  largest  craters 
are  those  of  Gunung  Tengger  and  Gunung  Eaon.  The  former 
of  these  is  a  mountain  of  the  third  class,  only  8704  feet  in 
heigh  b.  Its  circular  crater  is,  however,  more  than  21,315  feet, 
and  therefore  nearly  four  geographical  miles  in  diameter. 
The  fi.it  bottom  of  the  crater  is  a  sea  of  sand,  the  surface  of 
which  lies  1865  feet  below  the  highest  point  of  the  surrounding 
wall,  and  in  which  scoriaceous  lava-masses  project  here  and 
there  from  the  layer  of  pounded  rapilli.  Even  the  enormous 
crater  of  Kirauea,  in  Owhybee,  which  is  filled  with  glowing 
lava,  does  not,  according  to  the  accurate  trigonometrical 
survey  of  Captain  Wilkes,  and  the  excellent  observations 
of  Dana,  attain  the  size  of  that  of  Gunung  Tengger.  In  the 
middle  of  the  crater  of  the  latter  there  rise  four  small  cones 
of  eruption,  actual  circumvallated  funnel-shaped  chasms,  of 
which  only  one,  Bromo  (the  mythical  name  Brahma,  a  word 
which  has  the  signification  oi  fire,  in  the  Kawi  although 

^  Junghuhn,  Java,  Bd.  i.  s.  80. 

^3  See  Joseph  Hooker,  Sketch-Map  of  Sikkim,  1850,  and  in  his 
Himalayan  JoumaUf  toI.  i,  1854,  Map  of  part  of  Bengal;  and  alio 
Strachey,  Map  of  West-Nari,  in  his  Pkyncal  Cfeoarapky  of  Weitem 
Tibet,  1853. 


302  GOflKO&L 

not  in  the  Sanscrit),  is  now  not  actiTe.  Broino  presents  tHe 
remarkable  pbenomenon  t^j^at  from  1838  to  1842  a  lake  was 
fofimed  in  its  funnel,  of  which  Jnnghuhn  has  proved  that 
it  owes  its  origin  to  the  influx  of  atmospheric  waters,  which 
have  be^Ei  heated  and  acidulated  hy  -the  simultaneous  peno«> 
laration  of  sulphurous  vupouns.^  Next  to  Gtmung  Tengger, 
Gunnng  Kaon  has  the  laxgest  crater,  but  the  diameter  of 
this  is  about  one-half  less.  The  view  into  the  interior  is 
aiwe4nspiring.  It  a]»pears  to  extend  to  a  depth  of  mora 
than  2S9S  feet;  and  yet  the  remai^ble  volcano,  10,178  feet 
in  height,  which  Junghuhn  has  ascended  and  so  carefully 
described,*®  is  not  even  named  on  the  meritorious  map  of 
Raffles. 

Like  almost  aU  linear  volcanoes,  the  volcanoes  of  Java 
exhibit  the  important  phenomenon,  that  a  simnltaneity  of 
great  eruptions  is  observed  mnoh  more  rarely  in  nearly  ap> 
proximated  cones,  than  in  those  which  are  widely  separated* 
When,  in  the  night  of  the  11th  and  12th  of  August,  1772, 
the  volcano  Gunung  PepanJajan  (7034  feet)  burst  forth  the 
most  deertrttctive  eruption  that  has  taken  place  upon  the 
island  within  hdstarical  periods,  two  other  volcanoes,  the 
Qfunnng  Tjerimai  and  Gtmung  Slamat,  became  ignited  on  the 
same  night,  ah^ugh  they  lie  in  a  straight  line  at  a  distance 
of  7  S4  and  352  miles  from  Fepandajan.*^  Dven  if  the  vol* 
can^^es  of  a  series  all  stand  over  one  focus,  the  net  of  Assures 
thraugh  which  they  commnnicate  is,  nevertheless,  C0:iainly 
0D  constituted  that  the  obstruction  of  old  vapour-channels, 

»  Junghuhn,  Java,  Bd.  ii,  fig.  ix.  s.  572,  596,  and  601—604.  From 
182d  to  1848,  the  small  crater  of  eruption  of  the  Bromo  had  eight  fiery 
ernptions.  The  crater-lake,  which  had  disappeared  in  1842,  had  been 
agMH  formed  in  1848,  but  according  to  the  observations  of  B.  vaa 
Herwerden,  the  presenoe  of  the  wvter  in  the  chasm  of  the  cauldron 
had  no  effect  in  preventing  the  eruptiGU  of  red-hot,  widely-scattered 
Bcorise. 

»  Junghuhn,  Bd.  iL  s.  624—641. 

^  The  G.  Pepandajan  was  ascended  in  1619  by  Beinwardt,  and  in 
1837  by  Junghuhn.  The  latter,  who  has  accurately  investigated  th« 
vicinity  of  the  mountain,  consisting  of  detritus  intermingled  with 
numerous  angular,  erupted  blocks  of  lava,  and  compared  it  with  the 
earliest  reports,  regards  the  statement,  which  has  been  disseminated 
by  so  many  valuable  works,  that  a  portion  of  the  motmtain  and  an 
area  of  several  sqnare  miles  sank  during  the  eruption  of  1772,  as 
greatly  exaggerated  (Junghuhn,  Bd.  ii  s.  98  and  100). 
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or  the  temporary  opening  of  new  ones,  in  the  course  of 
ages,  render  simuHaneons  emption  est  very  distant  points 
qtdte  oonceivable.  I  maf  again  adv»^  to  the  sudden  difl* 
appearance  of  the  column  of  smoke  whic^  ascended  from 
the  volcano  of  Pasto,  vrhen,  on  the  morning  of  the  4th  of 
Pehraary,  1797,  the  foaarfnl  earthquake  of  Riobanxba  con-* 
vnlsed  the  plateau  &£  <^-ito  between  Tangiiragua  and  -Goto* 
paxi* 

To  -Bie  Tolcanoes  of  i(h«  island  d£  Java  generally,  a  cha- 
racter of  ribhed  formation  is  ascribed,  to  which  I  have  seen 
notfhing  similar  in  the  Casiary  Islands,  in  Mexico,  or  in  the 
Cordilleras  of  Quito.  The  most  recent  traveller^  to  whom 
we  are  indebted  for  such  admirable  observations  upon  the 
structure  of  the  volcanoes,  the  geogra|^y  of  plants,  and  the 
psychrometric  conditions  of  nioisture,  has  described  the 
phenomenon  to  which  I  here  allude  with  such  decided  clear- 
ness that  I  must  not  omit  to  call  attention  to  this  regularity 
of  form,  in  order  to  furnish  on  inducement  to  new  investi- 
gations. **  AHhough,"  says  Janghuhn,  "the  surface  of  a  vel- 
cano  10,974  feet  in  height,  the  Gunimg  Sumbing,  when  seen 
from  some  distance,  appears  as  an  uninterruptedly  smooth  and 
sloping  face  of  the  conical  mountain,  still,  on  a  closer  examina^ 
tion,  we  find  that  it  consists  entirely  of  separate  longitudinal 
ndges  or  ribs,  which  gradually  subdivide  and  become  broader 
as  they  advance  downwards  They  ran  from  the  summit  of 
the  volcano,  or  more  frequently  from  an  edevation  several 
hundred  feet  below  the  summit,  down  to  the  foot  of  the 
mountain,  diverging  like  the  ribs  of  an  umbroUa."  These 
lib-Hke  longitudinal  ridges  have  sometimes  a  tortuous  course 
for  a  short  distance,  but  are  all  formed  by  approximated 
defts  of  three  or  four  hundred  feet  in  depth,  aU  directed  in 
the  same  way,  and  becoming  broader  as  iAiey  descend.  They 
are  frirrows  of  the  surface  "which  occur  on  the  lateral  slopes 
of  all  the  volcanoes  of  the  island  of  Java,  But  differ  consi- 
derably from  each  other  upon  the  various  conical  mountains, 
in  their  average  depth  and  the  distance  of  their  upper 
origin  from  the  margin  of  the  crater  or  from  an  unopened 
summit.  The  Gunung  Sumbing  (11,029  feet)  is  one  of  those 
volcanoes  which  exhibit  the  finest  and  most  regularly  formed 

^  Cosmos,  vol.  T,  p.  183,  and  Voyage  aux  lUgiont  Equinox,  t,  U, 
p.  16. 
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ribs,  as  the  motrntain  is  bare  of  forest  trees  and  clothed  with 
grass."  According  to  the  measurements  given  by  Jung- 
h'lhn,**  the  number  of  ribs  increases  by  division  in  propor- 
tion as  the  declivity  decreases.  Above  the  zone  of  9000  feet 
there  are,  on  Gunung  Swnbing,  only  about  10  such  ribs ;  at 
ai)  elevation  of  8,500  feet  there  are  32 ;  at  5500  feet,  72 ;  and 
at  3,000  feet,  more  than  95.  The  angle  of  inclination  at  the 
same  time  diminishes  from  37^  to  25°  and  10^°.  The  ribs 
ore  almost  equally  regular  on  the  volcano  Gunung  Tengger 
(8702  feet),  whilst  on  the  Gunung  Ringgit  they  have  been 
disturbed  and  covered**  by  the  destructive  eruptions  which 
followed  the  year  1586.  "  The  production  of  these  peculiar 
longitudinal  ribs  and  the  mountaru  fissures  lying  between 
them,  of  which  drawings  are  given,  is  ascribed  to  erosion 
hy  streams." 

It  is  certain  thac  the  mass  of  meteoric  water  in  this  tro- 
pical region  is  three  or  four  times  greater  than  in  the  tem- 
perate zone,  indeed  the  showers  are  often  like  waterspouts, 
for  although,  on  the  whole,  the  moisture  diminishes  with  the 
elevation  of  the  strata  of  air,  the  great  mountain  cones  exert 
on  the  other  hand  a  peculiar  attraction  upon  the  clouds, 
and,  as  I  have  already  remarked,  in  other  places,  volcanic 
eruptions  are  in  their  nature  productive  of  storms.  The 
clefts  and  valleys  (Barrancos),  in  the  volcanoes  of  the  Canary 
Islands,  and  in  the  Cordilleras  of  South  America,  which  have 
become  of  importance  to  the  traveller  from  the  frequent 
descriptions  given  by  Leopold  von  Buch**  and  myself,  because 
they  open  up  to  him  the  interior  of  the  mountain,  and  some- 
times even  conduct  him  up  to  the  vicinity  of  the  highest 
summits,  and  to  the  circumvallation  of  a  crater  of  elevation, 
exhibit  analogous  phenomena ;  but  although  these  also  at 
times  carry  off  the  accumulated  meteoric  waters,  the  original 
formation  of  the  harrancos^  upon  the  slopes  of  the  volcanoes 

»  Junghuhn,  Bd.  ii.  a.  241—246. 

•*  Op,  ciU  sup.  8.  666,  690  and  607—609. 

•*  Leopold  von  Buch,  Phys.  Besckr.  der  Canariscken  Insdn,  b.  206, 
218,  248,  and  289. 

^  Barranco^  and  Barranca^  both  of  the  same  meaning,  and  suffi- 
«iently  in  use  in  SpaniBh  America,  certainly  indicate  properly  a  water- 
furrow  or  water-cleft :  ]a  quiebra  que  hacen  en  la  tierra  las  corrientea 
de las  aguas ;— "una  torrente  que  hace  barrancas ;"  but  they  also  indi- 
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is  probatly  not  to  be  ascribed  to  these.  Fissures,  caused 
by  foldinsj  in  the  trachytic  mass,  which  has  been  elevated 
whilst  soft  and  only  subsequently  hardened,  have  probably 
preceded  all  actions  of  erosion  and  the  impulse  of  water. 
But  in  those  places  where  deep  harrancos  appeared  in  the 
volcanic  districts  visited  by  me  on  the  declivities  of  bell- 
shaped  or  conical  mountains  {en  lasfaldas  de  los  Cerros  bar- 
rancosos),  no  ttrace  was  to  be  detected  of  the  regularity,  or 
radiate  ramification  with  which  we  are  made  acquainted  by 
Junghuhn's  works  in  the  singular  outlines  of  the  volcanoes 
of  Java."  The  greatest  analogy  with  the  form  here  re- 
ferred to  is  presented  by  the  phenomenon  to  which  Leopold 
von  Buch,  and  the  acute  observer  of  volcanoes,  Poulet 
Scrope,  have  already  directed  attention,  namely,  that  great 
fissures  almost  always  open  at  a  right  or  obtuse  angle  from 
the  centre  of  the  mountain,  radiating  (although  undivided), 
in  accordance  with  the  normal  direction  of  the  declivities, 
but  not  transversely  to  them. 

The  belief  in  the  complete  absence  of  lava-streams  upon 
the  island  of  Java,^  to  which  Leopold  von  Buch  appeared  to 

cate  any  chasm.  But  that  the  word  harranca  is  connected  with  ha/rrOf 
clay,  soft,  moist  loam,  and  also  road-scrapings,  is  doubtful. 

5*7  Lyell,  Manual  of  Elementary  Geology,  1855,  chap,  xxiz,  p.  497. 
The  most  remarkable  analogy  with  the  phenomenon  of  regular  rib- 
bing in  Java,  is  presented  by  the  surface  of  the  Mantle  of  the  Somma 
of  Vesuvius,  uj)on  the  seventy  folds  of  which,  an  acute  and  accurate 
observer,  the  astronomer  Julius  Schmidt,  has  thrown  much  light  {Die 
Eruption  des  Vesuvs  im  Mai,  1855,  s.  101  — 109).  According  to 
Leopold  von  Buch,  these  valley-furrows  are  not  originally  rain-fur- 
rows (fiumare),  but  consequences  of  cracking  (folding,  4toilement)  dur- 
ing the  first  upheaval  of  the  volcano.  The  usually  radial  position 
of  the  latei*al  eruptions  in  relation  to  the  axis  of  the  volcano,  also* 
appears  to  be  connected  therewith  (s.  129). 

^  "  Obsidian,  and  consequently  pumice-stones,  are  as  rare  in  Java, 
as  trachyte  itself.  Another  very  curious  fact  is  the  absence  of  any 
stream  of  lava  in  that  volcanic  island.  M.  Reinwardt,  who  has  him-^ 
self  observed  a  great  number  of  eruptions,  says  expressly  that- 
there  have  never  been  instances  of  the  most  violent  and  destructive; 
eruption  having  been  accompanied  by  lavas." — L6opold  de  Buch^ 
Descr.  des  lies  Canaries,  p.  419.  Amongst  the  volcanic  rooks  of  Java^ 
for  which  the  Cabinet  of  Minerals  at  Berlin  is  indebted  to  Dr.  Jung- 
huhn,  dioritic-trachytes  are  most  distinctly  recognizable  at  Burung- 
agung,  H.  255  of  the  Leidner  catalogue,  at  Tjinas,  s.  232,  and  in  the 
Quuung  Parang,  situated  in  the  district  Batu-gangi.    This  is  conse* 
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incline  in  consequence  of  iJie  observations  of  Eeinwardt,  ha» 
been  rendered  moie  than  doubtful  hy  recent  observationB. 
Junghubn,  indeed,  remarks  "  that  the  vast  volcano  Gunung 
Merapi  has  not  poured  forth  coherent,  compact  lava-streams 
within  the  historical  period  of  its  eruptions,  but  has  only 
thrown  out  fragments  of  lava  (rubbish),  or  incoherent  blocks 
of  stone,  although  for  nine  months,  in  the  year  1837,  fieiy 
streams  were  seen  at  night  running  down  the  cone  of 
eruption.** '^    But  the  same  observant  traveller  has  distinctly 

quently  the  identical  fbrmation  of  dioritio-trachyte  of  the  volcanoes 
of  Orizaba  and  Toluca  in  Mexico,  of  the  inland  Panaria  in  the  Lipari 
lalanda,  and  of  .£gina  in  the  JBgean  Sea  ! 

^  Junghuhn,  Bd.  ii.  s.  309  and  814.  The  fieiy  streaks  which  were 
seen  on  the  volcano  G.  Merapi,  were  formed  by  closely  approximated 
streams  of  scorisB  {tratrUes  de  fraffmens),  "by  non-coherent  ma.<?ses, 
•which  roll  down  during  the  eruption  towards  the  same  side,  and  strike 
against  each  other  from  their  very  different  weights  on  the  steep 
£olivity.  In  the  eruplion  of  the  Q.  Lamongan  on  the  26th  March, 
1847,  a  moving  line  of  sjoriae  of  this  kind  divided  into  two  branches 
several  hundred  feet  below  its  point  of  origin.  "  The  fiery  streak," 
we  find  it  expressly  stated  (6d.  u.  s.  767),  "  did  not  consist  of  true 
fused  lava,  but  of  fragments  of  lava  rolling  closely  after  one  another." 
The  G.  Lamongan  and  the  G.  Semeni  are  the  two  volcanoes  of  the 
island  of  Java,  which  are  found  to  be  most  similar,  by  their  activity 
in  long  periods,  to  the  Stromboli,  which  is  only  about  2980  feet 
high,  as  they,  although  so  remarkably  different  in  height  (the  Lamon- 
gan being  5340  and  the  Semeru  12,235  feet  high),  exhibited  eruptions 
of  scoriae,  the  former  after  pauses  of  15  to  20  minutes  (eruptions  of 
July,  1838,  and  March,  1847),  and  the  second  of  1^  to  3  hours 
(eruptions  of  August,  1836,  and  September,  18i4,)  (Bd.  ii.  s.  554  and 
765 — 769).  At  Stromboli  itself,  together  with  numerous  eruptions  of 
scorisB,  small,  but  rare  effusions  of  lava  also  occur,  which,  when 
detained  by  obstacles,  sometimes  harden  on  the  declivities  of  the 
cone.  I  lay  great  stress  upon  the  various  forms  of  continuity  or 
division,  under  which  completely  or  partially  fused  matters  are  thrown 
or  poured  out,  whether  from  the  same  or  different  volcanoes.  Ana- 
logous investigations,  undertaken  under  various  zones,  and  in  accord- 
ance with  guiding  ideas,  are  greatly  to  be  desired,  from  the  poverty 
and  great  one-sidedness  of  the  views,  to  which  the  four  active  Euro- 
pean volcanoes  lead.  The  question  raised  by  me  in  1802  and  by  my 
friend  Boussingault  in  1831, — whether  the  Antisana  in  the  Cordilleras 
of  Quito  has  furnished  lava-streams?  which  we  shall  touch  upon 
hereafter,  may  perhaps  find  its  solution  in  the  division  of  the  fluid 
matter.  The  essential  character  of  a  lava-stream  is  that  of  a  uniform, 
coherent  fluid, — ^a  band-like  stream,  from  the  surface  of  which  scales 
separate  during  its  cooling  and  hardening.  These  scales,  beneath 
which  the  nearly  homogeneous  lava  long  continues  to  flow,  upraise 
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described,  in  great  detail,  three  black,  basaltic  lava-streams, 
on  three  volcanoes  : — Grunung  Tengger,  Gunung  Idjen,  and 
Slamat.^^  On  the  latter  the  lavx^^treani)  after  giving  rise  to 
a  water-jBEbll,  is  continued  into  the  tertiary  rocks.^  From  such 
true  e^^ions  of  lava»  which,  form  coherent  masses,  Junghuhn 
very  accuraisely  distinguishes,  in  the  eruption  of  Gunung 
Lamongan,^  on  the  6th  July,  1838,  what  he  calls  a  stone" 
stream^  consisting  of  glowing  and  usually  angular  fragments,, 
erupted  in  a  row.  ''  The  crash  was  heard  of  the  breaking, 
stones,  which  rolled  do¥m,  like  fiery  points,  either  in  a  line 
OP  without  any  order.**  1  purposely  direct  especial  attention 
to  the  very  various  modes  in  which  fiery  masses  appear  on 
the  slopes  of  a  volcano,  because  in  the  dispute  upon  the 
maximum  angle  of  fall  of  lava-streams,  glowing  streams  of 
stones  (masses  of  scorise)  following  each  other  in  rows,  are 
sometimes  confi:>unded  with  continuous  lavsrstreams. 

As  the  important  problem  of  the  rarity  or  complete  defici- 
ency of  lava-streams  in  Java, — a  problem  which  touches  on  the 

themselves  in  part,  obliquely  or  perpendicularly,  by  the  inequality  of 
the  internal  movsment  and  the  evolution  of  hot  gases ;  and  when, 
in  this  way,  several  lava-streams,  flowing  tojic^ther,  form  a  lava  lake, 
as  in  Iceland,  a  field  of  detritus  or  fragments  is  produced  on  their 
cooling.  The  Spaniards,  especially  in  Mexico,  call  such  a  district, 
which  is  very  disagreeable  to  pass  over,  a  malpais.  Such  lava-fields, 
which  are  often  found  in  the  plain  Bt  the  foot  of  a  volcano,  remind 
one  of  the  frozen  surface  of  a  lake,  with  short,  upraised  ice-blooks. 

^^  The  name  G.  Idjen,  according  to  Buschmann,  may  be  explained 
by  tbe  Javuiese  word  MdjSUf  singly,  alone,  separately  :. — a  derivative 
£rom  the  substantive  hidji  or  widji,  grain,  seed,  which  with  sa  ex- 

?reR8es  the  number  one.  With  regard  to  the  etymology  of  Q. 
'engger,  see  the  important  work  of  my  brother  upon  the  connections 
l^ween  Java  and  India  {Kawi'Spraehe,  Bdi.  i,  s.  IdS),  wher»  there 
is  a  reference  to  the  historical  importance  of  the  Tenggf^r  Mountain, 
which  i»  inhabited  by  a  small  tribe  of  people,  who,  opposed  to  the 
now  general  Mahomedanism  of  the  island,  have  retuned  their  ancient 
Indo-Javanic  faith.  Junghuhn,  who  has  very  industriously  explained 
the  names  of  mountains  from  the  Kawi  language  says  (Th.  ii.  s.  554), 
tiiat  in  the  Knwi,  Tengger  sigtiifies  hill ;  the  word  also  receives  the 
asme  signification  in  Gsricke's  Javanese  Dictionary  {Javaamch-neder- 
dttitsch,  Wowdenboekf  Amst.,  1847).  Slamat,  the  name  of  the  high 
volcano  of  Tegid,  is  the  well-known  Arabic  word  idamatj  which  sig- 
nifies happiness  and  safety. 

^  Junghuhn,  Bd.  il  Slamat,  s.  153  and  163 ;  Idjen,  s.  C98 ;  Tengger, 
8.773. 
2  Bd,  ii  8.  760—762. 
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internal  constitution  of  volcanoes,  and,  which  I  must  add,  has 
not  been  treated  with  sujficient  earnestness,  has  recently  beea 
so  often  spoken  of.  the  present  appears  a  fitting  place  in  which 
to  bring  it  under  a  more  general  point  of  view.  Although 
it  is  very  probable  that,  in  a  group  or  series  of  volcanoes  alL 
the  members  stand  in.  a  certain  common  relation  to  the= 
general  focus,  the  molten  interior  of  the  earth,  still  each, 
individual  presents  peculiar  physical  and  chemical  processes, 
as  regards  strength  and  frequency  of  activity,  degree  and 
form  of  fluidity,  and  material  difference  of  products, — ^pecu- 
liarities  which  cannot  be  explained  by  the  comparison  of  thei 
form,  and  elevation  above  the  present  surface  of  the  sea. 
The  gigantic  mountain,  Sangay,  is  as  iminterruptedly 
active  as  the  lowly  Stromboli ;  of  two  neighbouring  vol- 
canoes, one  throws  out  pumice-stone  without  obsidian,  the 
other  both  at  once ;  one  furnishes  only  loose  cinders,  the 
other  lava  flowing  in  narrow  streams.  These  characteristic 
processes,  moreover,  in  many  volcanoes  appear  not  to  have 
been  always  the  same  at  various  epochs  of  their  activity. 
To  neither  of  the  two  continents  is  rarity  or  total  absence  of 
lava  streams  to  be  peculiarly  ascribed.  Bemarkable  distinc- 
tions only  occur  in  those  groups  with  regard  to  which  we 
must  confine  ourselves  to  definite  historical  periods  near  to 
our  own  times.  The  non-detection  of  single  lava-streams 
depends  simultaneously  upon  many  conditions.  Amongst 
these  we  may  instance  the  deposition  of  vast  layers  of  tufa^ 
rapilli,  and  pumice-stone  ;  the  simultaneous  and  non-simul- 
taneous confluence  of  several  streams,  forming  a  widely  ex- 
tended lava-field  covered  with  detritus ;  the  circumstance  that 
in  a  wide  plain  the  small  conical  eruptive-cones,  the  volcanic 
platform,  as  it  were,  from  which,  as  at  Lancerote,  the  lava 
had  flowed  forth  in  streams,  have  long  since  been  destroyed. 
In  the  most  ancient  conditions  of  our  unequally  cooling  planet^, 
in  the  earliest  foldings  of  its  surface,  it  appears  to  me  very  pro- 
bable that  a  frequent  viscid  outflow  of  trachytic  and  doleritic 
rocks,  of  masses  of  pimiice-stone  or  perlite,  containing  obsi- 
dian took  place  from  a  composite  network  of  fissures,  over 
which  no  platform  has  ever  been  elevated  or  built  up.  The 
problem  of  such  simple  effusions  from  fissures  deserves  the 
attention  of  geologists. 

In  the  series  of  Mexican  volcanoes,  the  greatest  and,  since 


TRUE  VOLCANOES.  309 

my  American  travels,  the  most  celebrated  phenomenon  ia 
the  elevation  of  the  newly  produced  Jonillo,  and  its  effusion 
of  lava.  This  volcano,  the  topography  of  which,  founded 
on  measurements,  I  waJs  the  first  to  make  known',  by  its 
position  between  the  two  volcanoes  of  Toluca  and  Colima, 
and  by  its  eruption  on  the  great  fissure  of  volcanic  activity*, 
which  extends  from  the  Atlantic  Ocean  to  the  Pacific,  pre- 
sents an  important  geognostic  phenomenon,  which  has  con- 
sequently been  all  the  more  the  subject  of  dispute.  Fol- 
lowing the  vast  lava-stream  which  the  new  volcano  poured 
out,  I  succeeded  in  getting  far  into  the  interior  of  the 
crater,  and  in  establismng  instruments  there.  The  eruption 
in  a  broad  and  long-peaceful  plain  in  the  former  province  of 
Michuacan,  in  the  nijjht  fix)m  the  28th  to  the  29th  of  Sep- 
tember, 1759,  at  a  distance  of  more  than  120  miles  from 
any  other  volcano,  was  preceded  for  fully  two  (?)  months, 
namely,  from  the  29th  Jime  in  the  same  year,  by  an  imin- 
terrupted  subterranean  noise.  This  differed  from  the  won- 
derful hramidos  of  Guanaxuato,  which  I  have  elsewhere 
described*  by  the  circumstance  that  it  was,  as  is  usually 
the  case,  accompanied  by  earthquakes,  which  were  not 
felt  in  the  mountain  city  in  January,  1784.  The  erup- 
tion of  the  new  volcano,  about  3  o'clock  in  the  morning, 
was  foretold  the  day  before  by  a  phenomenon  which,  in 
other  eruptions,  does  not  indicate  their  commencement  but 
their  conclusion.  At  the  point  where  the  great  volcano  now 
stands,  there  was  formerly  a  thick  wood  of  the  Guayava 
{Psidium  pyriferum),  so  much  valued  by  the  natives  on  ac- 
count of  its  excellent  fruit.  Labourers  from  the  sugar-cane 
fields  (caiiaverales)  of  the  Hacienda  de  San  Pedro  JoruUo, 
belonging  to  the  rich  Don  Andres  Pimentel,  who  was  then 
living  in  Mexico,  had  gone  out  to  collect  the  fruit  of  the 
guayava.  When  they  returned  to  the  farm  (hacienda)  it 
was  remarked  with  astonishment  that  their  large  straw  hats 
were  covered  with  volcanic  ashes.  Fissures  had,  conse- 
quently, already  opened  in  what  is  now  called  the  Malpais, 
probably  at  the  foot  of  the  high  basaltic  dome  el  CuicJie, 

3  Atlas  Geographique  et  PhysiguCi  accompanying  the  BdtUum  His- 
iorigue,  1814,  pi.  28  and  29. 

*  Cosmos,  vol.  V.  pp.  279 — 280. 

*  Cosmos,  vol.  i,  p.  205,  and  vol.  v,  p.  179. 
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whicli  tlirew  out  tliese  ashes  (rapilli)  l)efore  any  cbango 
appears  to  have  occurred  in  the  plain.  From  a  letter  of 
FaJther  Joaquin  de  Ansogorri,  discovered  in  the  Episcopal 
archives  of  Valladolid,  which  was  written  three  wedbs  after 
the  day  of  the  first  eruption,  it  appears  evident  that  Father 
Isidro  Molina,  sent  from  the  neighbouring  Jesuits*  College 
of  Patzcuaro  "  to  give  spiritual  comfort  to  the  inhabitants 
of  the  Playas  de  Jorullo,  who  were  extremely  disquieted  by 
the  subterranean  noise  and  earthquakes/*  was  the  first  to 
perceive  the  increasing  4anger,  and  thus  caused  the  preser- 
vation of  the  small  pc^lation. 

In  the  first  hours  of  the  night  the  black  ashes  already  lay 
a  foot  deep  ;  every  one  fled  towards  the  hill  of  Agoaaarco, 
a  small  Indian  viUage^  situated  2409  feet  higher  than  the 
old  plain  of  Jorullo.  From  this  height  (so  runs  the  tra- 
dition) a  large  tract  of  land  was  seen  in  a  state  of  fearful 
fiery  eruption,  and  "  in  the  midst  of  the  flames  (as  those 
who  witnessed  the  ascent  of  the  mountain  expressed  them** 
selves)  there  appeared,  like  a  black  castle  (castillo  negro),  a 
great,  shapeless  mass  (bulto  grande)".  From  the  smsdl  po- 
pulation of  the  district  (the  cultivation  of  indigo  and  cotton 
was  then  but  very  little  carried  on)  even  the  force  of  long- 
continued  earthquakes  cost  no  haman  Hves,  although,  aa 
I    learn    from    manusciipt    records  ^    houses  were    over- 

*  In  my  Essai  ToUtique  gw  la  Nouvdie-Espagnet  in  the  two  ediiiaiui 
of  1811  and  1827  (in  the  latter,  t.  ii,  pp.  165 — ^175),  I  have,  as  the  nature 
of  thrt  work  required,  only  given  a  condensed  abstract  from  my 
journal  -without  being  able  to  furnish  a  topographical  plan  of  the 
yicinity  or  a  chart  of  the  altitudes.  From  the  importance  which 
has  been  assigned  to  this  great  phenomenon  of  the  middle  of  the  last 
century,  I  have  thought  it  necessary  to  complete  this  abstract  here. 
I  am  indebted  for  particular  details  relating  to  the  new  Tolcano  of 
Jorullo  to  an  official  document,  written  three  weeks  after  the  day  of 
the  first  eruption,  but  only  discovered  in  the  year  1830  by  a  very 
scientific  Mexican  clergyman,  Don  Juan  Jos^  Pastor  Morales;  and 
also  to  oral  communicatious  from  my  companion,  the  Biscayan  Don 
Ramon  fispelde,  who  had  been  able  to  examine  living  eye-witnesses 
of  the  first  eruption.  Morales  disoovered  in  the  Archives  of  the 
Bishop  of  Michuacan,  a  report  addressed  on  the  19th  of  October,  1759, 
by  Joaquin  de  Ansogorrl,  Priest  in  the  Indian  village  la  Guacana,  to 
his  Bishop.  In  his  instructive  work  {Aufenthalt  und  Seisen  in  Mexico, 
1886)  Burkart  has  also  given  a  short  extract  firom  it  (Bd.  i.  s.  230). 
At  the  time  of  my  jotimey,  Don  Ramon  Espelde  was  lining  on  the 


TKUE  VOLOAJ^rOES.  311 

turned  by  them  near  the  copper  mines  of  Ingiiaran,  in  the 
small  town  of  Patzcuaro,  in  Santiago  de  Ario,  and  many 

plain  of  Jomllo,  and  has  the  merit  of  having  first  ascended  the 
summit  of  the  volcano.  Some  years  afterwards  he  attached  himself 
to  the  expedition  made  on  the  10th  March,  1789,  by  the  Intendente 
Corregidor,  Don  Juan  Antonio  de  RiaSio.  To  the  same  expedition 
belonged  a  well-informed  German,  Franz  Fischer,  who  had  entered  the 
Spanish  service  as  a  Mining  Commissary.  By  means  of  the  latter  the 
name  of  the  Jorullo  first  became  known  in  Germany,  as  he  mentioned 
it  in  a  letter  in  the  Schrifien  der  GeidUckaft  der  Berffhcmkunde,  Bd.  ii, 
B.  441.  But  the  eruption  of  the  new  volcano  had  already  been  re- 
ferred to  in  Italy, — in  Clavigero's  Storia  antica  del  Messico  (Cesena, 
1780,  t.  i,  p.  42)-,  and  in  the  poetical  work,  Ru$ticaHo  Mexieana  of 
Father  Raphael  Landivar  (ed.  altera,  Bologna,  1782,  p.  17).  In  his 
valuable  work,  Clavigero  erroneously  places  the  production  of  the 
volcano,  which  he  writes  Juruyo,  in  the  year  1760,  and  enlarges  the 
description  of  the  eruption  by  accounts  of  the  shower  of  ashes,  ex- 
tending as  far  as  ^ueretaro,  which  had  been  communicated  to  him 
in  1766  by  Don  Juan  Manuel  de  Bustamence,  Governor  of  the  Pro- 
vince of  Valladolid  de  Michuacan,  as  an  eye-witness  of  the  pheno- 
menon. The  poet  Landivar,  an  enthusiastic  adherent,  like  Ovid,  of 
our  theory  of  upheaval,  makes  the  Colossus  rise,  in  euphonious  hexa- 
meters, to  the  full  height  of  3  milliaria,  and  finds  the  thermal  springs 
(after  the  fashion  of  the  ancients)  cold  by  day  and  warm  at  night. 
But  I  saw  the  thermometer  rise  to  126^*^  in  the  water  of  the  Rio 
de  Cuitimba  about  noon. 

In  1789,  and  consequently  in  the  same  year  that  the  report  of  the 
Governor  Riafio  and  the  Mining  Commissary  Franz  Fischer,  appeared  in 
the  Octzeta  de  Mexico,  in  the  fifth  part  of  his  large  and  useful  IHccioTMmo 
geogrdfiay-hist&rieo  de  las  Indiea  Oecidentales  6  Americaf  in  the  article 
Ximdlo,  pp.  374 — 376)  Antonio  de  Alcedo  gave  the  interesting  infor- 
mation that,  when  the  earthquakes  commenced  (29th  June,  1759)  in 
the  Playas,  the  western  volcano  of  Colima,  which  was  in  eruption, 
suddenly  became  quiet,  although  it  is  at  a  distance  of  **  70  leguas"  (as 
Alcedo  says:  according  to  my  map  only  112  geog.  miles  !)  from  the 
Playas.  "  It  is  thought,"  he  adds,  '•'  that  the  materials  in  the 
bowels  of  the  earth  have  met  with  obstacles  to  their  following  their 
old  course ;  and  as  they  have  found  suitable  cavities  (to  the  east," 
they  have  broken  otit  at  Jorullo — para  rewrUar  en  Xurtdlo). — 
Accurate  topographical  statements  regarding  the  neighbourhood  of 
the  volcano  occur  also  in  Junn  Jus^  Martinez  de  Lejarza's  geogra- 
phical sketch  of  the  ancient  Taraskian  country :  A  ndlisis  estadistico 
de  la  provincia  de  Michuacan  en  1822  (Mexico,  1824),  pp.  126,  129, 
130,  and  131.  The  testimony  of  the  author,  living  at  Valladolid  in 
the  vicinity  of  Jorullo,  that,  since  my  residence  in  Mexico,  no  trace 
of  an  increased  activity  has  shown  itself  in  the  mountain  was  the 
CArlie-tt  contradiction  of  the  report  of  a  new  eruption  in  the  year 
1819  (Lyell,  Principles  of  Geology,  1856,  p.  430).     As  the  position  of 
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miles  further,  but  not  beyond  San  Pedro  ChTiniimxcu.  In 
the  Hacienda  de  Jorullo,  durini;  the  general  nocturnal 
flight,  they  forgot  to  remove  a  deaf  and  dumb  negro  slave. 
A  mulatto  had  the  humanity  to  return  and  save  him, 
while  the  house  was  still  standing.  It  is  still  narrated 
that  he  was  found  kneeling,  with  a  consecrated  taper  in 

Jorullo  in  latitude  is  not  without  importance,  I  have  noticed  that 
Lejarza,  who  otherwise  always  follows  my  astronomical  determi' 
nations  of  position,  and  who  gives  the  longitude  of  Jorullo  exactly 
like  myself  as  2°  26'  west  of  the  meridian  of  Mexico  (lOr  29'  west 
of  Greenwich),  differs  from  me  in  the  latitude.  Is  the  latitude  attri- 
buted by  him  to  the  Jorullo  (18'  53'  SC),  which  comes  nearest  to 
that  of  the  volcano  of  Popocatepetl  (18°  69'  47"),  founded  upon  re- 
cent observations  unknown  to  me?  .  In  my  Jtectteil  dOhserv.  Astrono- 
miqtie8,  vol.  ii,  p.  621,  I  have  said  expressly,  **  Latitude  auppos^e,  1 9°  8', 
deduced  from  good  astronomical  observations  at  Valladolid,  which 
gave  19®  62'  8",  and  from  the  Itiu'erary  direction."  I  only  recognized 
the  importance  of  the  latitude  of  Jorullo,  when  subsequently  I  was 
drawing  up  the  great  map  of  Mexico  in  the  capital  city  and  inserting 
the  E. — W.  series  of  volcanoes. 

As  in  these  considerations  upon  the  origin  of  Jorullo,  I  have  repeat- 
edly mentioned  the  traditions  which  still  prevail  in  the  neighbourhood, 
I  will  conclude  this  long  note  by  referring  to  a  very  popular  tradition, 
which  I  have  already  touched  upon  in  another  work  {Essai  Politique 
sur  la  NouveUe  Eapagne,  t.  ii,  1827,  p.  172): — *'  According  to  the  belief 
of  the  natives,  these  extraordinary  changes  which  we  have  just 
described,  are  the  work  of  the  monks,  the  greatest,  perhaps,  that  they 
have  produced  in  either  hemisphere.  At  the  Playas  de  Jorullo,  in 
the  hut  that  we  occupied,  our  Indian  host  told  us  that,  in  1759,  the 
Capuchins  belonging  to  the  mission  preached  at  the  station  of  San 
Pedro,  but  that,  not  Laving  been  favourably  received,  they  charged 
this  beautiful  and  feHile  plain,  with  the  most  horrible  and  compli- 
cated imprecations,  prophesying  that  first  of  all  the  house  would  be 
devoured  by  flames  which  would  issue  from  the  earth,  aud  that  after- 
wards the  surrounding  air  would  become  cooled  to  such  a  degree  that 
the  neighbouring  mountains  would  remain  eternally  covered  with 
snow  and  ice.  The  former  of  these  maledictions  having  had  such  fatal 
consequences,  the  lower  class  of  Indians  already  see  in  the  gradual 
cooling  of  the  volcano,  the  presage  of  a  perpetual  winter." 

Next  to  that  of  the  poet,  Father  Landivar,  the  first  printed  account  of 
the  catastrophe  was  probably  that  already  mentioned  in  the  Gazeta  de 
Mexico  of  the  6th  May,  1789  (t.  iii,  Num.  30,  pp.  293—297) ;  it  bearg 
the  modest  title.  Superficial  y  nada  facultativa  Descripcion  del  estado 
en  que  se  hcdlaJba  el  Volcdn  de  Jorullo  la  manana  del  dia  10  de  Marzo  de 
1789,  and  was  occasioned  by  the  exi)edition  of  Ria&o,  Franz  Fischer, 
and  Espelde.  Subsequently  (1791)  in  the  naval  astronomical  expedi- 
tion of  Malaspina,  the  botanists,  Mocino  and  Don  Martin  Sesse,  visited 
Jori^Uo,  from  the  Pacific  coast. 
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his  hand,  before  the  picture  of  Kuestra  Senora  de  Gua- 
dalupe. 

According  to  the  tradition,  widely  and  concordantlj 
spread  amongst  the  natives,  the  eruption,  during  the  first 
days,  consisted  of  great  masses  of  rock,  scorise,  sand,  and 
ashes,  but  always  combined  with  an  e&sion  of  muddy  water. 
In  the  memorable  report,  already  mentioned,  of  the  19th 
of  October,  1759,  the  author  of  which  was  a  man  who, 
possessing  an  accurate  knowledge  of  the  locality,  describes 
what  had  only  just  taken  place,  it  is  expressly  said  :  Que 
espele  el  dicho  Y olcan  arena,  ceniza  y  agua.  All  eye-witnesses 
relate  (I  translate  from  the  description  which  the  Inten- 
dant.  Colonel  Kiano,  and  the  German  Mining  Commissary, 
Franz  Fischer,  who  had  passed  into  the  Spanish  service, 
have  given  of  the  condition  of  the  volcano  of  Jorullo  on 
the  10th  March,  1789),  *^  that  before  the  terrible  mountain 
made  its  appearance  (antes  de  reventar  y  aparecerse  este 
terrible  Cerro),  the  earthquakes  and  subterranean  noises 
became  more  frequent ;  but  on  the  day  of  the  eruption 
itself  the  flat  soil  was  seen  to  rise  perpendicularly  (se  ob- 
serv6,  que  el  plan  de  la  tierra  se  levantaba  perpendicular- 
mente),  and  the  whole  became  more  or  less  inflated,  so  that 
blisters  (vexigones)  appeared,  of  which  the  largest  is  now 
the  volcano  (de  los  que  el  mayor  es  hoy  el  Cerro  del  Vol- 
can).  These  inflated  blisters,  of  very  various  sizes,  and 
partly  of  a  tolerably  regular^  conical  fonn,  subsequently 
burst  (estas  ampollas,  gruesas  vegigas  6  couos  diferente- 
mente  regulares  en  sus  flguras  y  tamanos,revent£ron  despues), 
and  threw  boiling  hot  earthy  mud  from  their  orifices  (tierras 
hervidas  y  calientes),  as  well  as  scoriaceous  stony  masses  (pie- 
dras  cocidas  ?  y  fundidas),  which  are  still  found,  at  an 
immense  distance,  covered  with  black  stony  masses." 

These  historical  records,  which  we  might,  indeed,  wish  to 
see  more  complete,  agree  perfectly  with  what  I  learnt  from 
the  mouths  of  the  natives  14  years  after  the  ascent  of  An- 
tonio de  Riano.  To  the  questions,  whether  "the  castle 
mountain,"  was  seen  to  rise  gradually  for  months  or  years, 
or  whether  it  appeared  from  the  very  first  as  an  elevated 
peak,  no  answer  could  be  obtained.  Riafio's  assertion  that 
farther  eruptions  had  taken  place  in  the  first  16  or  17 
years,  and  therefore  up  to  1776,  was  declared  to  be  untrue. 
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Aooording  to  the  tradition,  the  phenomena  of  Bmall  erap« 
tions  of  water  and  mud  which  were  observed  during  the 
first  days  simultaneously  with  the  incandescent  soorise,  are 
ascribed  to  the  destruction  of  two  brooks,  which,  springing 
on  the  western  declivity  of  the  mountain  of  Santa  Ines,  and 
consequently  to  the  east  of  the  Oerro  de  Cuiche,  abundantly 
irrigated  the  cane^elds  of  the  farmer  Hacienda  de  San 
Pedro  de  Jorullo,  and  flowed  onwards  far  to  the  west  to  the 
Hacienda  de  la  Presentacion.  Near  their  origin,  the  point 
is  still  shown  where  they  disappeared  in  a  Assure  with  their 
formerly  cold  waters,  during  the  elevation  of  the  eastern 
border  of  the  Malpais.  Running  below  the  Homitos,  they 
reappear,  according  to  the  general  opinion  of  the  people  of 
the  country,  heated,  in  two  thermal  springs.  As  the  ele- 
vated part  of  the  Malpais  is  there  almost  perpendicular,  they 
form  two  small  waterfalls,  which  I  have  seen  and  represent^ 
in  my  drawing.  For  each  of  them  the  previous  name,  Sio 
de  San  Pedro  and  Bio  de  Cuitimba,  has  bean  retained.  At 
this  point  I  found  the  temperature  of  the  steaming  water  to 
be  126° -8,  During  their  long  course  the  waters  are  only 
heated,  but  not  acidulated.  The  test  papers,  which  I  usually 
carried  about  with  me,  underwent  no  ohan^ ;  but  further 
on,  near  the  Hacienda  de  la  Presentacion,  towards  the 
Sierra  de  las  Canoas,  there  flows  a  spring  impregnated  with 
sulphuretted  hydrogen  gas,  which  forms  a  basin  of  20  feet 
in  breadth. 

In  order  to  acquire  a  dear  notion  of  the  complicated  outline 
and  general  form  of  the  surface  of  the  ground,  in  which  such 
remarkable  upheavals  have  taken  place,  we  must  distinguish 
hypsometrically  and  morphologically  : — 1.  The  position  of 
the  volcanic  system  of  Jorullo  in  relation  to  the  average  level 
of  the  Mexican  plateau  ;  2.  The  convexity  of  the  Malpais, 
which  is  covered  by  thousands  of  homitos  ;  3.  The  Assure 
upon  which  six  large,  volcanic,  mountain-masses  have  arisen. 

On  the  western  portion  of  the  Central  Cordillera  of  Mexico, 
which  strikes  from  S.S.E.  to  N.N.W.,  the  plain  of  the 
Playas  de  Jorullo,  at  an  elevation  of  only  2557  feet  above 
the  level  of  the  Paoiflc,  forms  one  of  the  horizontal  moun- 
tain terraces,  which,  everywhere  in  the  Cordilleras,  interrupt 
the  line  of  inclination  o£  the  declivity,  and  consequently 
more  or  less  impede  the  decrease  of  heat  in  the  superposed 
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straia  of  the  atmosphere.  On  descending  from  the  central 
plateau  of  Mexico  (whose  mean  elevation  is  7460  feet), 
to  the  com-»fields  of  Yalladolid  de  Michuacan,  to  the  charm- 
ing lake  of  Patzcuaro,  with  the  inhabited  islet  Janicho 
and  into  the  meadows  around  Santiago  de  Ario,  which 
Bonpland  and  I  found  adorned  with  the  dahlias  which  have 
since  become  so  well  known,  we  have  not  descended  more 
than  nine  hundred  or  a  thousand  feet.  But  in  passing  from 
Ario  on  the  steep  declivity  over  Aguasaanx)  into  the  level  of 
the  old  plain  of  JoruUo,  we  diminish  the  absolute  elevation  in 
this  short  distance  by  from  3850  to  4250  feetl  The  roundish, 
convex  part  of  the  upheaved  plain  is  about  12,790  feet  in 
diameter,  so  that  its  area  is  more  than  seven  square  miles. 
The  true  volcano  of  Jorullo  and  the  five  other  mountains 
which  rose  simuhaneouEdy  with  it  upon  the  same  fissure,  are 
so  situated  that  only  a  small  portion  of  the  Malpais  lies  to 
the  east  of  them.  Towards  the  west,  therefore,  the  number 
of  homitos  is  much  krger,  and  when  in  early  morning  I 
issued  from  the  Indian  huts  of  the  Playas  de  Jorullo,  or 
ascended  a  portion  of  the  Cerro  del  Mirador,  I  saw  the  black 
volcano  projecting  very  picturesquely  above  the  innumerable 
white  columns  of  smoke  of  the  "little  ovens"  (homitos). 
Both  the  houses  of  the  Playas  and  idie  basaltic  hill  Mira- 
dor are  situated  upon  the  level  of  the  old  non-volcanic,  or, 
to  speak  more  cautiously,  un-upheaved  soiL  Its  beautiful 
vegetation,  in  which  a  multitude  of  salvias  bloom  beneath 
the  shade  of  a  new  species  of  fan  palm  {Oorypha  pvmos), 
and  of  a  new  alder  (Alnus  Jorullensis),  contrasts  with  the 
desert,  naked  aspect  of  the  Malpais.  The  comparison  of  the 
height  of  the  barometor^  at  the  point  where  the  upheaval 

"  My  barometric  meastxrements  give  for  Mexico  1168  toises  (7470 
feet),  Yalladolid  1002  toises  (6409  feet),  Patzcuaro  1180  toises  (7227 
feet),  Ario  994  toises  (6858  feet),  Aguasarco  780  toises  (,4  >89  feet),  for 
the  old  plain  of  the  Playas  de  JuruUo  404  toises  (2584  feet)  (Humboldt, 
Observ.  Astron.  vol.  i,  p.  327,  Nivellement  Bar(mietrique,  No.  866 — 370). 

^  If  the  old  plain  of  the  Playas  be  404  toises  (2684  feet),  I  find  for 
the  maximum  of  convexity  of  the  Malpais  above  the  sea-level  487 
toises  (8115  feet) ;  for  the  ridge  of  the  great  lava-stream  600  toises 
(8838  feet);  for  the  highest  mai^gtn  of  the  crater  667  toises  (4266  feet); 
for  the  lowest  point  of  the  crater  at  which  we  could  establish  the 
barometer  644  toises  (4119  feet).  Consequently  the  elevation  of  the 
summit  of  Jorullo  above  the  old  plain  appeared  to  be  268  toises  or 
1682  feet. 
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commences  in  tlie  Playas^  witli  tbat  at  the  point  immediately 
at  the  foot  of  the  volcano,  gives  473  feet  of  relative  per- 
pendicular elevation.  The  house  that  we  inhabited  stood 
only  about  500  toises  (3197  feet)  from  the  border  of  the 
Malpais.  At  that  place  there  was  a  small  perpendicular  pre- 
cipice of  scarcely  12  feet  high,  from  which  the  heated  water 
of  the  brook  (Rio  de  San  Pedro)  falls  down.  The  portion 
of  the  inner  structure  of  the  soil  which  I  could  examine  at 
the  precipice,  showed  black,  horizontal,  loamy  strata,  mixed 
with  sand  (rapilli).  At  other  points  which  I  did  not  see, 
Burkart  has  observed  "  on  the  perpendicular  boundary  of 
the  upheaved  soil,  where  the  ascent  of  this  is  difficult,  a  light 
gray  and  not  very  dense  (weathered)  basalt,  with  numerous 
grains  of  olivine."'  This  accurate  and  experienced  observer 
has,  however,'*  like  myself,  on  the  spot,  conceived  the  idea  of 
a  vesicular  upheaval  of  the  surface  effected  by  elastic  va- 
pours, in  opposition  to  the  opinion  of  celebrated  geogno- 
sists",  who  ascribe  the  convexity,  which  I  ascertained  by 
direct  measurement,  solely  to  the  greater  effusion  of  lava 
flcfc  the  foot  of  the  volcano. 

The  many  thousand  small  eruptive  cones  (properly  rather 
of  a  roundish  or  somewhat  elongated,  oven-like  form)  which 
cover  the  upheaved  surface  pretty  uniformly,  are  on  the 
average  4  to  9  feet  in  height.     They  have  risen  almost  ex- 

'  Burkart,  Aufenthidt  und  Iteisen  in  Mexico  in  den  Jahren,  1825 — 
1834,  Bd.  i  (1836).  p.  227. 

^0  Op,  cit.  8up.  Bd.  i,  pp.  227  and  230. 

^*  Poulett  Scrope,  ConsidercUions  on  Volcanoes,  p.  267;  Sir  Charles 
Lyell,  Principles  of  Geology,  1853,  p.  429;  Manual  of  Geology,  1865, 
p.  580 ;  Daubeny  on  Volcanoes,  p.  337.  See  also  *'  on  the  elevation 
hypothesis,"  Daua,  Geology,  in  the  United  States  Exploring  Expedition, 
vol.  X,  p.  369.  Constant  Pre  vest,  in  the  Comptes  rendvA,  t.  xli  (1855), 
pp.  866 — 876,  and  918 — 923  :  sur  les  Eruptions  et  le  drapeau  de  VinfaxV- 
libilite.'*  See  also,  with  regard  to  Jonillo,  Carl  Pieschers  iDstructive 
description  of  the  volcanoes  of  Mexico,  with  illustrations  by  Dr.  Gum- 
precht,  in  the  Zeitschrift  filr  Allg.  ErdJcunde  of  the  Geographical  Society 
of  Berlin  (Bd.  vi,  s.  490 — 517);  and  the  newly  published  picturesque 
views  in  Pieschel's  Atla>s  der  Vvlkane  der  RepubWe  Mexico,  1856, 
tab.  13,  14,  and  15.  The  Royal  Museum  of  Berlin,  in  the  department 
of  engravings  and  drawings,  possesses  a  splendid  and  numerous  col- 
lection of  representations  of  the  Mexican  volcanoes  (more  than  40 
sheets),  taken  from  nature  by  Moritz  Bugendas.  Of  the  most  western 
of  all  Mexican  volcanoes,  that  of  Colima  alone,  this  great  master  has 
furnished  fifteen  coloured  views. 
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clusively  on  the  western  side  of  the  great  volcano,  as  indeed, 
the  eastern  part  towards  the  Cerro  de  Cuiche,  scarcely  con- 
stitutes -^V^^  ^^  ^^  entire  area  of  the  vesicular  elevation  of 
the  Playas.  Each  of  the  numerous  homitos  is  composed  of 
weathei*ed  basaltic  spheres,  with  fragments  separated  like 
concentric  shells  ;  I  was  frequently  able  to  count  from  24  to 
28  such  shells.  The  balls  are  flattened  into  a  somewhat 
spheroidal  form,  and  are  usually  15 — 18  inches  in  diameter, 
but  vary  from  1  to  3  feet.  The  black  basaltic  mass  is  pene- 
trated by  hot  vapours  and  broken  up  into  an  earthy  form, 
although  the  nucleus  is  of  greater  density,  whilst  the  shells, 
when  detached,  exhibit  yellow  spots  of  oxide  of  iron.  Even 
the  soft,  loamy  mass  which  unites  the  balls  is,  singularly 
enough,  divided  into  curved  lamellae,  which  wind  through 
all  the  interstices  of  the  balls.  At  the  first  glance  I  asked 
myself  whether  the  whole,  instead  of  weathered  basaltic 
spheroids,  containing  but  little  olivine,  did  not  perhaps  pre- 
sent masses  disturbed  in  the  course  of  their  formation.  But 
in  opposition  to  this  we  have  the  analogy  of  the  hills  of  glo- 
bular basalt,  mixed  with  layers  of  clay  and  marl,  which  are 
found,  often  of  very  small  dimensions,  in  the  central  chain  of 
Bohemia,  sometimes  isolated  and  sometimes  crowning  long 
basaltic  ridges  at  both  extremities.  Some  of  the  homitos 
are  so  much  broken  up,  or  have  such  large  internal  cavities, 
that  mules  when  compelled  to  place  their  fore-feet  upon  the 
flatter  ones,  sink  in  deeply,  whilst  in  similar  experiments 
which  I  made,  the  hills  constructed  by  the  termites,  re- 
sisted. 

In  the  basaltic  mass  of  the  homitos  I  found  no  immersed 
scoriae,  or  fragments  of  old  rocks  which  had  been  penetrated, 
as  is  the  case  in  the  lavas  of  the  great  Jorullo.  The  appel- 
lation Hornos  or  Homitos  is  especially  justified  by  the  cir- 
cumstance that  in  each  of  them  (I  speak  of  the  period  when 
I  travelled  over  the  Playas  de  Jorullo  and  wrote  my  journal, 
18  September,  1803,)  the  columns  of  smoke  break  out,  not 
from  the  summit,  but  laterally.  In  the  year  1780,  cigars 
might  still  be  lighted  when  they  were  fastened  to  a  stick 
and  pushed  in  to  a  depth  of  2  or  3  inches  ;  in  some  places 
the  air  was  at  that  time  so  much  heated  by  the  vicinity"  of 
the  homitos,  that  it  was  necessary  to  turn  away  from 
one's  proposed  course.     Notwithstanding  the  refrigeration 
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which,  according  to  the  universal  testimony  of  the  Indians, 
the  district  had  undergone  within  20  years,  I  found  the 
temperature  in  the  fissures  of  the  homitos  to  range  between 
199°  and  203°  ;  and  at  a  distance  of  twenty  feet  from  some 
hills,  the  temperature  of  the  air  was  still  108°'5  and  116°'2, 
at  a  point  where  no  vapours  reached  me;  the  true  tem- 
perature of  the  atmosphere  of  the  Playas  being  at  the  same 
time  scarcely  77°.  The  weak  sulphuric  vapours  decolo- 
rized strips  of  test  paper,  and  rose  visibly,  for  some  hours 
after  sunrise,  to  a  height  of  fully  60  feet.  The  view  of 
the  columns  of  smoke  was  most  remarkable  early  in  a  cool 
morning.  Towards  midday,  and  even  after  11  o'clock,  they 
had  become  very  low  and  were  visible  only  from  their  imme- 
diate vicinity.  In  the  interior  of  many  of  the  homitos  we 
heard  a  rushing  sound  like  the  fall  of  water.  The  small  hsr 
Baltic  homitos  are,  as  already  remarked,  easily  destructible. 
When  Burkart  visited  the  Malpais,  24  years  after  me,  he 
foimd  that  none  of  the  homitos  were  still  smoking ;  their 
temperature  being  in  most  cases  the  same  as  that  of  the 
surrounding  air,  while  many  of  them  had  lost  all  regularity 
of  form  by  heavy  rains  and  meteoric  influences.  ISear  the 
principal  volcano  Burkart  found  small  cones,  which  were 
composed  of  a  brownish-red  conglomerate  of  rounded  or 
angular  fragments  of  lava,  and  only  loosely  coherent.  In 
the  midst  of  the  upheaved  area,  covered  with  homitos,  there 
is  still  to  be  seen  a  remnant  of  the  old  elevation  on  which 
the  buildings  of  the  farm  of  San  Pedro  rested.  The  hill, 
which  I  have  indicated  in  my  plan,  forms  a  ridge  directed 
east  and  west,  and  its  preservation  at  the  foot  of  the  great 
volcano  is  most  astonishing.  Only  a  part  of  it  is  covered 
with  dense  sand  (burnt  rapilli).  The  projecting  basaltic 
rock,  grown  over  with  ancient  trunks  of  Mcus  indica  and 
I^sidium,  is,  certainly,  like  that  of  the  Cerro  del  Mirador 
and  the  high  mountain  masses  which  bound  the  plain  to 
the  eastward,  to  be  regarded  as  liaving  existed  before  the 
catastrophe. 

It  remains  for  me  to  describe  the  vast  fissure  upon  which 
a  series  of  six  volcanoes  has  risen,  in  the  general  direction 
from  south-south-west  to  north-north-east.  The  partial 
direction  of  the  first  three,  less  elevated  volcanoes  situated 
most  southerly  is  S.W — 'N.'K  j  that  of  the  three  following 
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near  S. — N.  The  fissure  has  consequently  been  ourved, 
and  has  changed  its  strike  throughout  its  total  length 
of  10,871  feet.  The  direction  here  indicated  of  the  linear 
but  not  contiguous  mountains  is  certainly  nearly  at  right 
angles  with  the  line  upon  which,  according  to  my  observation, 
the  Mexican  volcanoes  follow  each  other  from  sea  to  sea. 
But  this  difference  is  the  less  surprising  if  we  consider  that 
a- great  geognostic  phenomenon  (the  relation  of  the  principal 
masses  to  each  other  across  a  continent)  is  not  to  be  con- 
founded with  the  local  conditions  and  direction  of  a  single 
group.  The  ]ong  ridge  of  the  great  volcano  of  Pichincha 
also,  is  not  in  the  same  direction  as  the  series  of  volcanoes 
of  Quito ;  and  in  non-volcanic  chains,  for  example  in  the 
Himalaya,  the  culminating  points  are  often  situated,  as 
I  have  already  pointed  out,  at  a  distance  from  the  general 
line  of  elevation  of  the  chain.  They  are  situated  upon  par- 
tial snowy  ridges  which  even  form  nearly  a  right  angle  with 
this  general  line  of  upheaval. 

Of  the  six  volcanic  hills  which  have  risen  upon  the  above- 
mentioned  fissure,  the  first  three,  the  more  southern  ones, 
between  which  the  road  to  the  copper  mines  of  Inguaran 
passes,  appear,  in  their  present  condition,  to  be  of  least  im- 
portance. They  are  no  longer  open,  and  are  entirely  covered 
with  grayish  white,  volcanic  pand,  which  however  does  not 
consist  of  pumice-stone,  for  I  have  seen  nothing,  either  of 
pumice  or  obsidian  in  this  region.  At  JoruUo  also,  as  at 
Vesuvius  according  to  the  assertion  of  Leopold  von  Buch  and 
Monticelli,  the  last  covering-foil  of  ashes  appears  to  have  been 
the  white  one.  The  fourth,  more  northern  mountain  is  the 
large,  true  volcano  of  JoruUo,  the  summit  of  which,  not- 
withstanding its  small  elevation  (4265  feet  above  the  sea 
level,  1151  fset  above  the  Malpeis  at  the  foot  of  the  volcano, 
and  1681  feet  above  the  old  soil  of  the  Playas),  I  had 
some  difficulty  in  reaching,  when  I  ascended  it  with  Bon- 
pland  and  Carlos  Montufar  on  the  19th  September,  1803. 
We  thought  we  should  be  most  certain  of  getting  into  the 
crater,  which  was  still  filled  with  hot  sulphurous  vapours, 
by  ascending  the  steep  ridge  of  the  vast  lava-stream,  which 
burst  forth  from  the  very  summit.  The  course  passed  over  a 
crisp,  scoriaceous,  clear-sounding  lava,  swelled  up  in  a  coke- 
like, or  rather  caulifiower-like  form.     Some  parts  of  it  have 
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a  metallic  lustre  :  others  are  basaltic  and  full  of  small  gra- 
nules  of  olivine.  When  we  had  thus  ascended  to  the  upper 
surface  of  the  laya-stream  at  a  perpendicular  elevation  of 
711  feet,  we  turned  to  the  white  ash  cone,  on  which,  from 
its  great  steepness,  we  could  not  but  fear  that  during  fre- 
quent and  rapid  slips  we  might  be  seriously  wounded  by  the 
rugged  lava.  The  upper  margin  of  the  crater,  on  the  south 
western  part  of  which  we  placed  the  instruments,  forms 
a  ring  of  a  few  feet  in  width.  We  carried  the  barometer 
from  the  margin  into  the  oval  crater  of  the  truncated  cone. 
At  an  open  fissure  air  streams  forth  of  a  temperature  of 
200°'6.  We  now  stood  149  feet  in  perpendicular  height 
below  the  margin  of  the  crater;  and  the  deepest  point  of 
the  chasm,  the  attainment  of  which  we  were  compelled  to 
give  up  on  account  of  the  dense  sulphurous  vapours,  ap- 
peared to  be  only  about  twice  this  depth.  The  geognostic 
discovery  which  had  the  most  interest  for  us,  was  the  find- 
ing of  several  white  fragments,  three  or  four  inches  in  dia- 
meter, of  a  rock  rich  in  felspar  baked  into  the  black  basaltic 
lava.     I  regarded  these  at  first^*  as  syenite,  but  from  the 

^  "  M.  Bonpland  and  myself  were  particularly  astonished  at  findings 
encased  in  the  basaltic,  lithoid  and  scorified  lavas  of  the  volcano  of 
Jorullo,  white  or  greenish  white  angular  fragments  of  Syenite,  com- 
posed of  a  little  amphibole  and  a  great  quantity  of  lamellar  felspar. 
Where  these  masses  have  been  split  by  heat,  the  felspar  has  become 
filamentous,  so  that  the  margins  of  the  crack  are  united  in  some  places 
by  fibres  elongated  from  the  mass.  In  the  Cordilleras  of  South 
America,  between  Popayan  and  Almaguer,  at  the  foot  of  the  Cerro 
BroncosOf  I  have  found  actual  fragments  of  giieUs  encased  in  a  trachyte 
abounding  in  pyroxene.  These  phenomena  prove  that  the  trachytio 
formations  have  issued  from  beneath  the  granitic  crust  of  the  globe. 
Analogous  phenomena  are  presented  by  the  trachytes  of  the  Si^enge- 
birge  on  the  banks  of  the  Rhine,  and  by  the  inferior  strata  of  Phono- 
lite  (Porphyrschiefer)  of  the  Biliner  Stein  in  Bohemia."  (Humboldt, 
Essai  GSognostique  sur  le  Gfisement  des  JRockes,  1823,  pp.  183  and  339. 
Burkart  also  {AufenthaU  tmd  Eeisen  in  Mexico,  Bd.  i,  s.  230)  detected 
enclosed  in  the  black  lava,  abounding  in  olivine,  of  JoruUo  :  "  Blocks 
of  a  metamorphosed  syenite.  Hornblende  is  rarely  to  be  recognized 
distinctly.  The  blocks  of  syenite  may  certainly  furnish  an  incontro- 
vertible proof,  that  the  seat  of  the  focus  of  the  volcano  of  JoruUo  is 
either  in  or  below  the  syenite,  which  shows  itself  in  considerable 
extent,  a  few  miles  (l^uas)  further  south,  on  the  left  bank  of  the  Rio 
de  las  Balsas,  flowing  into  the  Pacific  Ocean."  Dolomieu,  and,  in  1832, 
the  excellent  geognosist,  Friedrich  Hoffmann,  found  in  Lipari,  near 
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exact  examiDation  by  Gustav  Eose,  of  a  fragment  which  I 
broaght  with  me,  they  probably  belong  rather  to  the  granite 
formation,  which  Burkart  has  also  seen  emei^ging  from 
below  the  syenite  of  the  E.io  de  las  Balsas.  "  The  inclosure 
is  a  mixture  of  quartz  and  felspar.  The  blackish  green  spots 
appear  to  be  not  hornblende,  but  mica  frised  with  some 
felspar.  The  white  fragment  baked  in  is  split  by  volcanic 
heat,  and  in  the  crack  white,  tooth-like,  fused  threads  run 
from  one  margin  to  the  other." 

To  the  north  of  the  great  volcano  and  the  scoriaceous 
lava  mountain  which  it  has  vomited  forth  in  the  direction 
of  the  old  basalt  of  the  Cerro  del  Mortero,  follow  the  two 
last  of  the  six  often-mentioned  eruptions.  These  hills  also 
were  originally  very  active,  for  the  people  still  call  the  ex- 
treme mountain  of  ashes,  el  Volcancito.  A  broad  fissure 
opened  towards  the  west,  bears  the  traces  of  a  destroyed 
crater.  The  great  volcano,  like  the  Epomeo  in  Ischia,  ap- 
pears to  have  only  once  poiired  out  a  mighty  lava-stream. 
That  its  lava-pouring  activity  endured  after  the  period  oi 
its  firsfc  eruption,  is  not  proved  historically ;  for  the  valuable 
letter,  so  happily  discovered,  of  Father  Joaquin  de  Ansogorri, 
written  scarcely  three  weeks  after  the  first  eruption,  treats 
almost  exclusively  of  the  means  of  making  "  arrangements 
for  the  better  pastoral  care  of  the  country  people  who  had 
fled  from  the  catastrophe  and  become  dispersed  ;*'  and  for  the 
following  thirty  years  we  have  no  records.  As  the  tradition 
speaks  very  generally  of  fires  which  covered  so  great  a  sur- 
face, it  is  certainly  to  be  supposed  that  all  the  six  hUls  upon 
the  great  fissure,  and  •the  portion  of  the  Malpais  itself  in 
which  the  Homitos  have  appeared,  were  simultaneously  in 
combustion.  The  temperature  of  the  surrounding  air,  which 
I  measured,  allows  us  to  judge  of  the  heat  which  prevailed 
there  43  years  previously ;  they  remind  one  of  the  former 
condition  of  our  planet,  in  which  the  temperature  of  its 
atmospheric  envelope,  and  with  this  the  distribution  of 
organic  life,  might  be  modified  by  the  thermic  action  of  the 
interior  by  means  of  deep  fissures  (under  any  latitude  and 
for  long  periods  of  time). 

Caueto,  fragments  of  granite,  formed  of  pale  red  feUpar,  black  mica, 
and  a  little  pale  gray  quartz,  enclosed  in  compact  masses  of  obsidian 
(Poggendorfi's  Annalen  der  Phytihf  Bd.  zztI,  b.  49). 

VOL.  V.  Y 
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Since  I  described  tlie  Homitos  which  Burround  the  vol- 
cano  of  JoruUo,  many  aimlogous  platforms  in  various  regions 
of  the  world,  have  been  compared  with  these  oven-like  little 
hills.  To  me,  the  Mexican  ones,  from  their  interior  con- 
formation, appear  still  to  stand  in  a  very  contrasting  and 
isolated  condition.  If  all  upheavals  which  emit  vapoui's  are 
to  be  called  eruptive -cones,  the  Homitos  certainly  deserve 
the  appellation  of  Fumaroles,  But  the  denomination,  erup- 
tive-cones, would  lead  to  the  erroneous  notion  that  there  is 
evidence  that  the  Homitos  have  thrown  out  scoriae,  or  even, 
like  many  emptive-cones,  poured  forth  lava.  Yery  different, 
for  example  (to  advert  to  a  great  phenomenon)  are  the  three 
chasms  in  Asia  Minor,  upon  the  former  boundaries  of  Mysia 
and  Phrygia,  in  the  ancient  burning  country  (Katake- 
kaumene)  "  where  it  is  dangerous  to  dwell  (on  account  of 
the  earthquakes),"  which  Strabo  calls  (jyvaai,  or  wind-bags, 
and  which  the  meritorious  traveller,  William  Hamilton,  has 
rediscovered."  Eruptive  cones  such  as  are  ezUbited  by  the 
island  of  Lancerote  near  Tinguaton,  or  by  Lower  Italy,  or 
(of  hardly  20  feet  in  height)  by  the  declivity  of  the  great 
Kamtschatkan  volcano,  Awatscha,^^  which  was  ascended  in 
July,  1824,  by  my  friend  and  Siberian  companion,  Ernst 
Hofmann,  consist  of  scorise  and  ashes  surrounding  a  small 
crater,  which  has  thrown  them  out,  and  has  been  in  return 
buried  by  them.  In  the  Homitos  nothing  like  a  crater  is  to 
be  seen,  and  they  consist — and  this  is  an  important  charac- 
ter— merely  of  basaltic  balls,  with  shell-like  separated  frag- 
ments, without  any  admixture  of  loose  angular  scorisB.  At 
the  foot  of  Vesuvius,  during  the  great  eruption  of  1794  (and 

^  Strabo,  lib.  xiii,  pp.  679  and  628 ;  Hamilton,  lUsearehea  m  Asia 
Minor,  vol.  11,  chap.  39.  The  most  western  of  the  three  cones,  now 
called  Kara  Devlit,  is  raised  532  feet  above  the  plain,  and  has  emitted 
a  great  lava-stream  In  the  direction  of  Koula.  Hamilton  counted  more 
than  thirty  small  cones  in  the  vicinity.  The  three  chasms  {fioOp'u  and 
<pvffai  of  Strabo)  are  craters  situated  upon  conical  mountains  composed 
of  scorlse  and  lavas. 

^*  Erman,  Reise  um  die  Erde,  Bd.  iii,  s.  538 ;  Cosmos,  vol.  v,  p.  248, 
Postels  ( Voyage  autour  du  Monde  par  le  Cap.  Lutki,  partie  hist.  t.  iii, 
p.  76)  and  Leopold  von  Buch  (Description  Phystqtte  des  lies  Canaries, 
p.  448)  mention  the  similarity  to  the  Homitos  of  Jorullo.  In  a  manu- 
script most  kindly  communicated  to  me,  Erman  describes  a  great 
number  of  truncated  cones  of  scoriae  in  the  immense  lava-field  to  the 
east  of  the  Baidar  Mountains  on  the  peninsula  of  Kamtschatka. 
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also  in  earlier  times)^  eight  different,  small  craters  of  erup- 
tion, {bocche  nuove)  were  formed,  arranged  upon  a  longitu- 
dinal fissure  ;  they  are  the  so-called  parasitic  cones  of  erup- 
tion, which  poured  forth  lava,  and  are  even  by  this  circum- 
stance entirely  distinct  from  the  Homitos  of  JoruUo. 
"Your  Homitos,"  wrote  Leopold  von  Buch  to  me,  "are 
not  cones  accumulated  by  erupted  matters  ;  they  have  been 
upheaved  directly  from  the  interior  of  the  earth."  The 
production  of  the  volcano  of  Jorullo  itself  was  compared  by 
this  great  geologist  with  that  of  the  Monte  Nuovo  in  the 
Phlegr9ean  fields.  The  same  notion  of  the  upheaval  of  six 
volcanic  mountains  upon  a  longitudinal  fissure  forced  itself 
as  the  most  probable  iipon  Colonel  Biano  and  the  mining 
commissary  Fischer  in  1789  (see  ante,  p.  313),  upon  myself 
at  the  first  glance  in  1803,  and  upon  Burkart  in  1827. 
With  both  the  new  mountains,  produced  in  1538  and  1759, 
the  same  questions  repeat  themselves.  Upon  that  of  South- 
em  Italy,  the  testimonies  of  FaJconi,  Pietro  Giaoomo  di 
Toledo,  Francesco  del  Nero  and  Porzio,  are  circumstantial, 
near  the  time  of  the  catastrophe  and  prepared  by  educated 
observers.  The  celebrated  Porzio,  who  was  the  most 
learned  of  these  observers,  says  : — "  Magnus  terrse  tractus, 
qui  inter  radices  mentis,  quern  Baxbarum  incolse  appellant, 
et  mare  juxta  Avemum  j&cet,  sese  erigere  videhaiur  et  montis 
subito  nascentis  figuram  imitari*  Iste  terras  cumulus  aperto 
veluti  ore  magnos  ignea  evomuit,  pumicesque  et  lapid^ 
cineresque."  " 

From  the  geognostic  description  here  completed  of  the 
volcano  of  Jorullo,  we  will  pass  to  the  more  eastern  parts 
of  Central  Mexico  ( Anahuac).  XJnmistakeable  lava-streams, 
the  principal  mass  of  which  is  usually  basaltic,  have  been 
poured  out  by  the  peakof  Orizabaaccording  to  the  most  recent, 

^  Porzio,  Optra  omnia,,  Med.,  Phil,  et  Mathem.  in  tmwn  coUecta, 
1736:  according  to  Dufr^noy,  Mimoires  p<mr  servir  d  tme  Description 
GSologique  de  la  Franeef  t.  iv,  p.  272.  All  the  genetic  questions  are 
discussed  very  completely  and  with,  praiseworthy  impartiality  in  the 
9th  edition  of  Sir  Charles  Lyell's  Pnnciplea  of  Geology,  1853,  p.  869. 
Even  Bouguer  {Figure  de  la  Terre,  1749,  p.  Ixvi)  was  not  disinclined 
to  the  idea  of  the  upheaval  of  the  volcano  of  Pichincha.  He  says  : — 
"  It  is  not  impossible  that  the  rock,  which  is  burnt  ^nd  black,  may 
have  been  elevated  by  the  action  of  subterranean  fire."  See  also 
p.  xci 

t2 
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interesting  observations  of  Pieschel  (March,  1854)"  and  H. 
de  Saussure.   Tlie  rock  of  the  peak  of  Orizaba,  like  that  of  the 
volcano  of  Toluca"  which  I  ascended,  is  composed  of  horn- 
blende, oligoclase,  and  a  little  obsidian;  whilst  the  funda- 
mental mass  of  Popocatepetl  is  a  Chimborazo-rock,  composed 
of  very  small  crystals  of  oligoclase  and  augite.   At  the  foot  of 
the  eastern  slope  of  Fopocatepebl,  westward  of  the  town 
la  Puebla  de  los  Angeles,  in  the  Llano  de  Tetimpa,  where  I 
measured  the  base  for  the  determination  of  the  elevation  of 
the  two  great    Nevados    (Popocatepetl  and  Iztaccihuatl) 
which  bound  the  valley  of  Mexico,  T  found,  at  a  height 
of   7000    feet  above  the    sea,    an   extensive  and  myste- 
rious kind  of  lava-field     It  is  called  the  Malpais  (rough 
rubbish-field)  of  Atlachayacatl,  a  low  trachytic  dome,  on 
the  declivity  of  which  the  river  Atlaco  rises  and  runs  at 
an  elevation  of  from  60  to  85  feet  above  the  adjacent  plain, 
from  east  to  west,  and  consequently  at  right  angles  to  the 
volcanoes.     From  the  Indian  village  of  San  Nicolas  de 
los  Eanchos,  to  San  Buenaventura,  I  calculated  the  length 
of  the  Malpais  at  more  than  19,200  feet,  and  its  breadth  at 
6400  feet.     It  consists  of  black,   partially  upraised  lava- 
blocks  of  a  fearfully  wild  appearance,  and  only  sparingly 
coated  here  and  there  with  lichens,  contrasting  with  the  yel- 
lowish white  coat  of  pumice-stone  which  covers  everything 
for  a  long  distance  round.  The  latter  consists  here  of  coarsely 
fibrous  fragments  of  two  or  three  inches  in  diameter,  in 
which    hornblende  crystals    sometimes  Ue.     This  coarser 
pumice-stone  sand,  is  different  from  the  very  finely  granidar 
sand,  which,  near  the  rock  el  Frayle  and  at  the  limit  of  per- 
petual snow,  on  the  volcano  Popocatepetl,  renders  the  ascent 
so  dangerous,  because,  when  it  is  set  in  motion  on  steep  decli- 
vities, the  sand-mass,  rolling  down,  threatens  to  overwhelm 
everything.      Whether  this  lava  field  of   fragments  (in 
Spanish  Malpais,  in  Sicily  Sciarra  viva,  in  Icelajad  Odaada- 
JHratm,)  is  due  to  ancient  lateral  eruptions  of  Popocate- 
petl, situated  one  above  the  other,  or  to  the  somewhat 
rounded  cone  of  Tetlijolo  (Cerro  del  Corazon  de  Piedra)  I 

^^  Zeitschrift  far  AUgememe  Erdkwide,  Bd.  It,  s.  398. 

^  For  the  more  certain  determinntioii  of  the  mineralB  of  which  the 
Mexican  volcanoes  are  composed,  old  and  recent  collections  made 
by  myself  and  Pieschel  have  been  compared. 
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cannot  determine.  It  is  also  geognostically  remarkable  that, 
further  to  the  east,  on  the  road  towards  the  small  fortress 
Perote,  the  ancient  Aztec  Pinahuizapan*  between  Ojo  de 
Agua/ Yenta  deSoto  and  el  Portachuelo,  the  volcanic  forma- 
tion of  coarsely  fibrous,  white,  friable  perlite "  rises 
beside  a  limestone  (Marmol  de  la  Puebla)  which  is  probably 
tertiary.  This  perlite  is  very  similar  to  that  of  the  conical 
lull  of  ZiDapecuaro  (betweeo  Mexico  and  Yalladolid) ;  and 
contains,  besides  lamin»  of  mica,  and  lumps  of  immersed 
obsidian,  a  glassy,  bluish-gray,  or  sometimes  red,  jasper-like 
streaking.  The  wide  "  perlite  district "  is  here  covered  with 
a  finely  granular  sand  of  weathered  perlite,  which  might  be 
taken,  at  the  first  glance,  for  graaitic  sand,  and  which,  not- 
withstanding its  allied  origin,  is  still  easily  distinguishable 
&x>m  the  true,  grayish  white  pumice-stone  sand.  The  latter 
is  more  proper  to  the  immediate  vicinity  of  Perote, — the  pla- 
teau 7460  feet  in  height  between  the  two  volcanic  chains  of 
Popocatepetl  and  Orizaba,  which  strike  north  and  south. 

When,  on  the  road  from  Mexico  to  Vera  Cruz,  we  begin 
to  descend  from  the  heights  of  the  non-quartzose,  trachytic 
porphyry  of  the  Yigas  towards  Canoas  and  Jalapa,  we  again 
twice  pass  over  fields  of  fr'agments  and  scoriaceous  lava  :•— 
the  first  time  between  the  station  Parage  de  Garros  and  Canoas 
or  Tochtlacuaya,  and  the  second,  between  Canoas  and  the 
station  Casas  de  la  Hoya.  Tho  first  point  is  called  Zoma  de 
Tobias  on  account  of  the  numerous  upraised,  basaltic  blocks 
of  lava  containing  abundance  of  olivine ;  the  second  simply 
el  Malpaie.  A  small  ridge  of  the  same  trachytic  porphyry, 
full  of  glassy  felspar,  which  forms  the  eastern  limit  of  the 
Arenal  (the  perlitic  sand-fields)  near  la  Cruz  Blanca 
and  Rio  Frio  (on  the  western  declivity  of  the  heights  of 
las  Yigas)  separates  the  two  branches  of  the  lava-field 
which  have  just  been  mentioned, — the  Loma  de  Tablas,  and 
the  much  broader  Malpais.  Those  of  the  country  people 
who  are  well  acquainted  with  the  district  assert  that  the 
band  of  scoriaB  is  elongated  towards  the  south-south-east, 
and  consequently  towards  the  Cofre  de  Perote.     As  I  have 

^  The  beautiful  marble  of  la  Puebla  comes  from  the  quarries  of 
Tecali,  Totomehuacan  and  Portachuelo,  to  the  south  of  the  high 
trachytic  mountain,  el  Pizarro.  I  have  also  seen  limestone  cropping 
out  near  t)ie  terrace-pyramid  of  Cholula,  on  the  way  to  la  Puebla^ 
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myself  ascended  the  Oofre  and  made  many  measurements 

on  it,**  I  have  been  but  little  inclined  to  conclude,  from  a 

"  The  Cofre  de  Perote  stands  nearly  isolated  to  the  south-east  of 
the  Fuerte  or  Castillo  de  Ferote,  near  the  eastern  slope  of  the 
great  plateau  of  Mexico;  but  its  great  mass  belongs  to  an  impor* 
tant  range  of  heights,  which,  forming  the  margin  of  the  slope, 
extends  in  a  north  and  south  direction,  from  Cruz  Blanca  and  Rio 
Frio  towards  las  Vigas  (lat  19**  37'  37")  past  the  Cofre  de  Perote 
(lat.  19*'  28'  57",  long.  97*  7'  20")  to  the  westward  of  Xicochimalco 
and  Aohilchotla  to  the  Peak  of  Orizaba  (lat.  19''  %'  17",  long. 
97*'  13'  56"),  parallel  to  the  chain  (Popocatepetl— Iztaccihuatl) 
which  separates  the  cauldron-valley  of  the  Mexican  lakes  from 
the  plain  of  la  Puebla.  (For  the  grounds  of  these  determinations 
see  my  Recueil  cTObBerv.  Astron^  voL  ii,  pp.  529 — 632  and  547,  and 
also  Analyse  de  VAtUu  du  Mexique,  or  Essai  PolvHqtte  8wr  la  Ntm- 
veUe  Espagne,  t.  i,  pp.  55 — 60).  As  the  Cofre  has  raised  itself 
abruptly  in  a  field  of  pumicenstone  many  miles  in  width,  it  appeared 
to  me  in  my  wint^  ascent  (the  thermometer  fell  at  the  summit,  on 
the  7th  February,  1804,  to  28°'4)  to  be  extremely  interesting,  that 
the  covering  of  pumice-stone,  the  thickness  and  height  of  which  I 
measured  barometically  at  several  points  both  in  ascending  and  de- 
scending, rose  more  than  780  feet.  The  lower  limit  of  the  pumice- 
stone,  in  the  plain  between  Perote  and  Rio  Frio,  is  1187  toises  (7590 
feet)  above  the  level  of  the  sea ;  the  upper  limit  on  the  northern 
declivity  of  the  Cofre  1309  toises  (8370  feet) ;  thence  through  the 
Pinahuast,  the  Alto  de  los  Caxones  (1954  toises =12,496  feet),  where  I 
could  determine  the  latitude  by  tiie  sun's  meridian  altitude  up  to  the 
summit  itself,  no  trace  of  pumice-stone  was  to  be  seen.  During  the 
upheaval  of  the  mountain,  a  portion  of  the  coat  of  pumice-stone  of 
the  great  Arenal,  which  has  probably  been  levelled  in  strata  by  water, 
was  carried  up.  I  inserted  a  drawing  of  this  zone  of  pumice-stone 
in  my  journal  (February,  1804)  on  the  spot.  It  is  the  same  impor- 
tant phenomenon  which  was  described  by  Leopold  von  Buch  in  the 
year  1834  on  Vesuvius,  where  horizontal  strata  of  pumice-tufa  were 
raised  by  the  elevation  of  the  volcano  to  a  greater  height  indeed, 
1900  or  2000  feet  towards  the  Hermitage  del  Salvatore  {Pog- 
gendoTff*8  ArmcUen,  Bd.  xxxvii,  s.  176 — ^179).  The  surface  of 
the  dioritic  trachyte  rock  on  the  Cofre,  at  the  point  where  I  found 
the  highest  pumice-stone,  was  not  withdrawn  from  observation  by 
snow.  The  limit  of  perpetual  snow  lies  in  Mexico  under  the  latitudes 
of  19*"  or  19^%  only  at  the  average  elevation  of  2310  toises  (14,770 
feet),  and  the  summit  of  the  Cofre,  up  to  the  foot  of  the  small,  house- 
like cubical  rock  where  I  set  up  the  instruments,  reaches  2098 
toises,  or  13,418  feet  above  the  sea  level.  According  to  angles  of 
altitude  the  cubical  rook  is  21  toises  or  134  feet  in  height ;  conse- 
quently the  total  altitude,  which  cannot  be  reached  on  account  of 
the  perpendicular  wall  of  the  rock  is  18,662  feet  above  the  sea.  I 
found  only  single  spots  of  sporadic  snow,  the  lower  limit  of  which 
was  12,150  feet;   about  700  or  800  feet  below  the  upper  limit  of 
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prolongation  of  tlie  lavarstream  which  is  certainly  very  pro- 
bable (it  is  so  represented  in  my  Frojilea  tab.  9  and  11,  and 
in  the  Nivelleme/it  Barometrique),  that  it  may  have  flowed 
from  this  mountain,  the  form  of  which  is  so  remarkable. 
The  Cofre  de  Perote,  which  is  nearly  1400  feet  higher  than 
the  peak  of  Tenerifle,  but  inconsiderable  in  comparison  with 
the  giants  Popocatepetl  and  Orizaba,  forms,  like  Pichincha, 
a  long  rocky  ridge,  upon  the  southern  extremity  of  which 
stands  the  small  cubical  rock  (la  Pena),  the  form  of  which 
gave  origin  to  the  ancient  Aztec  name  of  NauhcampatepetL 
In  ascending  the  mountain  I  saw  no  trace  of  the  falling  in 
of  a  crater,  or  of  eruptive  orifices  on  its  declivities ;  no 
masses  of  scorise,  and  no  obsidians,  perlites  or  pumice-stones 
belonging  to  it.  The  blackish  gray  rock  is  very  uniformly 
composed  of  much  hornblende  and  a  species  of  felspar,  whidb 
is  not  glassy  felspar  (sanidinc)  but  oligoclase;  this  would 
show  th€  entire  rock,  which  is  not  porous,  to  be  a  dioritic 
trachyte.     I  describe  the  impressions  which  I  experienced. 

forest- trees  in  beautiful  pine-trees :  Pmu$  occidentalia,  mixed  with 
Cupre8»u8  sabinoides  and  Arbuttis  Mcuiroilo.  The  oak,  Quercua  xala- 
pensU,  had  accompanied  us  only  to  an  absolute  elevation  of  10,340 
feet.  (Humboldt,  Nivdlement  haromitr.  des  CordilUrea,  Nos.  41 4 — 
429).  The  name  of  Nauhcampatepetl,  which  the  mountain  beat's  in 
the  Mexican  language,  is  derived  from  its  peculiar  form,  which  also 
induced  the  Spaniards  to  give  it  the  name  of  Cofre.  It  signifies 
"quadrangular  mountain"  for  natthcampa,  formed  from  noAm,  the 
numeral  four,  signifies,  as  an  adverb  from  fowr  sides,  but  as  an  adjec- 
tive (although  the  Dictionaries  do  not  state  this),  undoubtedly  qitad- 
rangular  or  four-aided,  as  this  signification  is  attached  to  the  com- 
pound naukcampa  ixquick.  An  observer,  very  well  acquainted  with 
the  country,  M.  Pieschel,  supposes  the  existence  of  an  old  crater- 
opening  on  the  eastern  declivity  of  the  Cofre  de  Perote  {Zeitschrift 
filr  Allgem.  Erdkunde,  heravsg,  von  Qumprecht,  Bd.  v,  s.  125).  I 
drew  the  view  of  the  Cofre,  given  in  my  Vues  dee  CordilUres,  pi.  xxxiv, 
in  the  vicinity  of  the  castle  of  San  Carlos  de  Perote,  at  a  distance  of 
about  eight  miles.  The  ancient  Aztek  name  of  Perote  was  Pinahui- 
zapan,  and  signifies  (according  to  Buschmann)  the  beetle  j9t7i.aA«22^2t 
(regarded  as  an  evil  omen,  and  employed  superstitiously  in  fortune- 
telUng :  see  Sahagun,  Historia  Gen.  de  las  Coscu  de  Nueva  Espafla, 
i.  ii,  1829,  pp.  10 — 11)  on  the  water ;  the  name  of  this  beetle  is  derived 
from  pinahua,  to  be  ashamed.  From  the  same  verb  is  derived  the 
above-mentioned  local  name  Pinahuast  (pincihttaztli)  of  this  district ; 
as  well  as  the  name  of  a  ?hrub  (Mimosacesd  f)  pincJiuihuiztli,  trans- 
lated herha  verecwnda  by  Hernandez,  the  leaves  of  which  &11  down 
when  touched. 
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If  the  terrible,  black  layar£eld — Malpais^ — (upon  wbicli  I 
have  here  purposely  dwelt  in  order  to  counteract  the  too 
one-sided  consideration  of  exertions  of  volcanic  force  from 
the  interior),  did  not  flow  from  the  Cofre  de  Perote  itself  at  a 
lateral  opening,  still  the  upheaval  of  this  isolated  mountain 
13,553  feet  in  height,  may  have  caused  the  formation  of  the 
Loma  de  Tablas.  During  such  an  upheaval,  longitudinal 
Assures  and  networks  of  Assures  may  be  produced  far  and 
wide  by  folding  of  the  soil,  and  from  these,  molteu  masses 
may  have  poured  directly,  sometimes  as  dense  masses,  and 
sometimes  as  scoriaceous  lava^  without  any  formation  of  true 
mountain  platforms  (open  cones  or  craters  of  elevation). 
Do  we  not  seek  in  vain  in  the  great  mountains  of  basalt  and 
porphyritic-slate,forcentral  points  (crater-mountains)or  lower, 
circumvallated,  circular  chasms,  to  which  their  common  pro- 
duction might  be  ascribed  ?  The  careful  separation  of  that 
which  is  genetically  different  in  phenomena: — the  forma- 
tion of  conical  mountains  with  permanently  open  craters 
and  lateral  openings ;  of  circumvallated  craters  of  elevation 
and  Maars ;  of  upraised  closed  bell-shaped  mountains  or  open 
cones,  or  matters  poured  out  from  coalescent  fissures — 
is  a  gain  to  science.  It  is  so  becau.se  the  multiplicity  of 
opinions  which  is  necessarily  called  forth  by  an  enlarged 
horizon  of  observation,  and  the  strict  critical  comparison  of 
that  which  exists,  with  that  which  is  asserted  to  be  the 
only  mode  of  production,  are  most  powerful  inducements 
to  investigation.  Even  upon  European  soil,  however,  on  the 
island  of  Euboaa,  so  rich  in  hot  springs,  a  vast  lava-stream 
has  been  poured  out,^  within  the  historical  period,  from 
a  chasm  in  the  greab  plain  of  Lelantou,  at  a  distance  from 
any  mountain. 

In  the  volcanic  group  of  Central  America,  which  foUows 
the  Mexican  group  towards  the  south,  and  in  which  eighteen 
conical  and  bell-shaped  mountains  may  be  regarded  as  still 
active,  four  (Nindiri,  el  Nuevo,  Conseguina,  and  San  Miguel 
de  Bosotlan)  have  been  recognized  as  producing  lava.*^  The 
mountains  of  the  third  volcanic  group,  that  of  Popayan  and 
Quito,  have  already  for  more  than  a  century  enjoyed  the  re- 

^  Strabo,  lib.  i,  p.  58,  lib.  vi,  p.  269,  ed.  Casaubon;  Cosmos,  vol.  i, 
p.  236,  atid  vol.  v,  p.  226. 

31  See  page  278. 
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putation  of  famishing  no  lavarstreams^  but  only  incolierent^ 
glowing  scoriaceous  masses,  thrown  out  of  the  single  summital 
crater,  and  often  rolling  down  in  a  linear  arrangement.  This 
was  even  the  opinion**  of  La  Oondamine,  when  he  leffc  the 
highlands  of  Quito  and  Cuen^a  in  the  spring  of  1743.  Four- 
teen years  afterwards,  when  he  returned  from  an  ascent  of 
Vesuvius  (4th  June,  1755),  in  which  he  accompanied  the 
sister  of  Frederick  the  Great,  the  Margravine  of  Baireuth, 
he  had  the  opportunity  of  expressing  himself  warmly,  in  a 
meeting  of  the  French  Academy,  upon  the  want  of  true 
lava-streams  {laves  coulees  par  torrens  de  matHres  liqueflees) 

*  "  I  have  never  known,"  says  La  Condamine,  "lava-like  matter  in 
America,  although  M.  Bouguer  and  myself  have  encamped  for  whole 
weeks  and  months  upon  the  volcanoes,  and  especially  upon  those  of 
Pichincha,  Cotopaxi,  and  Chimborazo.  Upon  these  mountains  I  have 
only  seen  traces  of  calcination,  without  liquefaction.  Nevertheless,  the 
kind  of  blackish  crystal,  commonly  called  Piedra  de  GaUmago  in  Peru 
(obsidian),  of  which  I  have  brought  home  several  fragments,  and  of 
which  a  polished  lens  of  seven  or  eight  inches  in  diameter,  may  be  seen 
in  the  cabinet  of  the  Jardin  du  Soi,  is  nothing  but  a  glass  formed 
by  volcanic  action.  The  materials  of  the  stream  of  fire  which  flows 
continually  from  that  of  Sangai,  in  the  province  of  Macas,  to  the  south- 
east of  Quito,  are  no  doubt  lava,  but  we  have  only  seen  this  mountain 
from  a  distance,  and  I  was  no  longer  at  Quito  at  the  time  of  the  last 
eruptions  of  the  volcano  of  Cotopaxi,  when  vents  opened  upon  its 
flanks,  from  which  ignited  and  liquid  matters  were  seen  to  issue  in 
streams,  which  must  have  been  of  a  similar  nature  to  the  lava  of 
Vesuvius"  (La  Condamine,  Jowmal  de  Voyage  en  Itcdief  in  the 
MSmoires  de  VAcad.  des  Sciences,  1757,  p.  367,  Ifistorie,  p.  12).  The 
two  examples,  especiallythe  first,  are  not  happily  chosen.  The  Sangay 
was  first  scientifically  examined  in  December  of  the  year  1849,  by 
Sebastian  Wisse;  what  La  Condamine,  at  a  distance  of  108  miles, 
took  for  luminous  lava  flowing  down,  and  "an  effusion  of  burning 
sulphur  and  bitumen,"  consists  of  red-hot  stones  and  scoriaceous 
masses,  which  sometimes,  pressed  closely  together,  slip  down  on  the 
steep  declivities  of  the  cone  of  ashes  {Cosmos,  see  above,  p.  264).  On 
Cotopaxi,  as  on  Tungurahua,  Chimborazo,  and  Pichincha,  or  on 
Purace,  and  Sotara  near  Popayan,  I  have  seen  nothing  that  could  be 
looked  upon  as  narrow  lava-streams,  which  had  flowed  from  these 
colossal  mountains.  The  incoherent,  glowing  masses  of  5 — 6  feet  in 
diameter,  often  containing  obsidian,  which  Cotopaxi  has  scattered 
abroad  during  its  eruptions,  impelled  by  floods  of  melting  snow  and 
ice,  have  reached  far  into  the  plain,  where  they  form  rows  partially 
diverging  in  a  radiate  form.  La  Condamine  also  says  very  truly  else- 
where {Journal  du  Voyage  d  VEquoateur,  p.  160): — *•  These  fragments  of 
rock,  as  large  as  the  hut  of  an  Indian,  form  series  of  rays,  which  start 
from  the  volcano  as  horn,  a  common  centre." 
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from  the  volcanoes  of  Quito.  The  Joumcil  d*un  Tot/age  en 
Italie,  which  was  read  at  the  meeting  of  the  20th  April, 
1757,  only  appeared  in  1762  in  the  Memoires  of  the  Aca- 
demy of  Paris,  and  is  of  some  geognostic  importance  in  the 
history  of  the  recognition  of  old  extinct  volcanoes  in  France, 
because  in  this  journal,  La  Condamine,  with  his  peculiar 
acuteness,  and  without  knowing  of  the  certainly  earlier  ob- 
servations of  Guettard,"  expresses  himself  very  decidedly 
upon  the  existence  of  ancient  crater-lakes  and  extinct  vol- 
canoes in  middle  and  northern  Italy  and  in  the  south 
of  France. 

This  remarkable  contrast  between  the  narrow  and  un- 
doubted lava-streams  of  Auvergne  thus  early  recognized, 
and  the  ofben  too  absolutely  asserted  absence  of  any  effusion 
of  lava  in  the  CordiUeras,  ^upied  me  seriously  daring  the 
whole  period  of  my  expedition.  All  my  journals  are  full  of 
considerations  upon  this  problem,  the  solution  of  which  I 
long  sought  in  the  absolute  elevation  of  the  summits  and  in 
the  vastness  of  the  circumvallation,  that  is  to  say,  the  sink- 
ing of  trachytic  conical  mountains  from  mountain-plains  of 
eight  or  nine  thousand  (8500 — 9600  English)  feet  in  eleva- 
tion and  of  great  breadth.  We  now  know,  however,  that  a 
volcano  of  Quito,  17,000  feet  in  height,  which  throws  out 
scoriae  (that  of  Macas),  is  uninterruptedly  much  more 
active  than  the  low  volcanoes  Izaleo  and  Stromboli;  we 
know  that  the  eastern  dome-shaped  and  conical  mountains, 
Antisana  and  Sangay,  have  free  slopes  towards  the  plains  of 
the  Napo  and  Fastaza ;  and  the  western  ones,  Pichincha, 
Iliniza,  and  Chimborazo,  towards  the  afSuents  of  the  Pacific 
Ocean.  In  many  also  the  upper  part  projects  without  cir- 
cumvallation eight  or  nine  thousand  feet  above  the  elevated 
plateaux.  Moreover,  all  these  elevations  above  the  sea-level, 
which  is  regarded,  although  not  quite  correctly,  as  the  mean 
elevation  of  the  earth's  surface,  are  certainly  inconsiderable 
as  compared  with  the  depth  which  we  may  assume  to  be 
that  of  the  seat  of  volcanic  activity,  and  of  the  necessary 
temperature  for  the  fusion  of  rock-masses. 

^  Guettard's  memoir  on  the  extinct  yolcanoes  was  read  at  the 
Academy  in  1752,  consequently  three  years  before  La  Condamine's 
journey  into  Italy;  but  only  printed  in  1756,  consequently  during  the 
Italian  travels  of  the  astronomer. 
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The  only  phenomena   resembling  narrow  lava-eruptions 
which  I  discovered  in  the  Cordilleras  of  Quito,  are  those 
presented  by  the  colossal  mountain  Antisana,  the  height  of 
which  I  determined  to  be  19,137  feet  (»^833  metres),  by  a 
trigonometrical  measurement.     As  the  structure  furnishes 
the  most  important  criterion  here,  I  will  avoid  the  systematic 
denomination  lava,  which  confines  the  idea  of  the  mode  of 
production  within  too  narrow  limits,  and  make  use,  but 
quite  provisionally,  of  the  names  ** rock-debris^^  {Fehtrum- 
mem)  or  "  detritm  dyhes,^^  {Schuttwallen,  trainees  de  menses 
volcaniques).     The  mighty  mountain  of  Antisana^  at  an  ele- 
vation of  13,458  feet,  forms  a  nearly  oval  plain,  more  than 
12,500  toises  (79,950  feet)  in  long  diameter,  from  which  the 
portion  of  the  mountain  covered  with  perpetual  snow  rises 
like  an  island.     The  highest  summit  is  rounded  off  and 
dome-shaped.     The  dome  is  united  by  a  short  jagged  ridge 
with  a  tnmcated  cone  lying  towards  the  north.      In  the 
plateau,  partly  desert  and  sandy,  partly  covered  with  grass 
(the  dwelling-place  of  a  very  spirited  race  of  cattle,  which, 
owing  to  the  dight  atmospheric  pressure,  easily  expel  blood 
from  the  mouth  and  nostrils  when  excited  to  any  great  mus- 
cular exertion^,  is  situated  a  small  farm  (Hacienda),  a  single 
house  in  which  we  passed  four  days  in  a  temperature  varying 
between  38°-6  and  48^*2.  The  great  plain,  which  is  by  no  means 
circumvallated  as  in  craters  of  elevation,  bears  the  traces  of  an 
ancient  sea-bottom.  The  Laguna  Mica»  to  the  westward  of  the 
Altos  de  la  Moya,  is  to  be  regarded  as  the  residue  of  the  old 
covering  of  water.     At  the  margin  of  the  limit  of  perpetual 
snow,  the  Bio  Tinajillas  bursts  forth,  subsequently,  under  the 
name  of  Rio  de  Quixos,  becoming  a  tributary  of  the  Maspa, 
the  Kapo,  and  the  Amazon.   Two  narrow,  wall-like  dykes,  or 
elevations,  which  I  have  indicated  upon  the  plan  of  Anti- 
sana^  drawn  by  me,  as  coulees  de  laves,  and  which  are  called 
by  the  natives  Volcan  de  la  Hacienda  and  Yana  Volcan 
(  Yana  signifies  black  or  brown  in  the  Qquechhua  language), 
pass  like  bands  from  the  foot  of  the  volcano  at  the  lower 
margin  of  the  perpetual  snow-line,  and  extend,  apparently 
with  a  very  moderate  declivity,  in  a  direction  N.E. — S.W., 
for  more  than  2000  toises   (12,792  feet)  into  the  plain. 
With  very  little  breadth  they  have  probably  an  elevation 
of  192  to  213  feet  above  the  soil  of  the  Llanos  de  la  Ha* 
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cienda^  de  Santa  Lucia,  and  del  Cuvillan.  Their  declivities 
are  everywhere  very  rugged  and  steep,  even  at  the  extremi- 
ties. In  their  present  state  they  consist  of  conchoidal  and 
usually  sharp-edged  fragments  of  a  black  basaltic  rock,  with- 
out olivine  or  hornblende,  but  containing  a  few  small  white 
crystals  of  felspar.  The  fundamental  mass  has  frequently  a 
lustre  like  that  of  pitchstone,  and  contains  an  admixture 
of  obsidian,  which  was  especially  recognizable  in  very 
large  quantity,  and  more  distinctly,  in  the  so-called  Cueva  de 
Antisana,  the  elevation  of  which  we  found  to  be  15,942  feet. 
This  is  not  a  true  cavern,  but  a  shed  formed  by  blocks  of 
rock  which  had  fallen  against  and  mutually  supported  each 
other,  and  which  preserved  the  mountain  cowherds  and  also 
ourselves  during  a  fearful  hailstorm*  The  Cueva  lies  somewhat 
to  the  north  of  the  Yolcan  de  la  Hacienda.  In  the  two 
narrow  dykes,  which  have  the  appearance  of  cooled  lava- 
streams,  the  tables  and  blocks  appear  in  part  inflated  like 
cinders  or  even  spongy  at  the  edges,  and  in  part  weathered 
and  mixed  with  earthy  detritus. 

Analogous  but  more  complicated  phenomena  are  presented 
by  another  also  band-like  mass  of  rocks.  On  the  eastern 
declivity  of  the  Antisana,  probably  about  1280  feet  per- 
pendicularly below  the  plain  of  the  Hacienda  in  the  direction 
of  Pinantura  and  Pintac,  there  lie  two  small  round  lakes,  of 
which  the  more  northern  is  called  Ansango,  and  the  southern 
Lecheyacu.  The  former  has  an  insular  rock,  and  is  sur- 
rounded by  rolled  pumice-stone,  a  very  important  point. 
Each  of  these  lakes  marks  the  commencement  of  a  valley ;  the 
two  valleys  unite,  and  their  enlarged  continuation  bears  the 
name  of  Yolcan  de  Ansango,  because  from  the  margins  of 
the  two  lakes  narrow  lines  of  rock  debris,  exactly  like 
the  two  dykes  of  the  plateau  which  we  have  described  above, 
do  not)  indeed,  fill  up  the  valley,  but  rise  in  its  midst  like 
dams  to  a  height  of  213  and  266  feet.  A  glance  at  the  local 
plan  which  I  published  in  the  "  Geographical  and  Physical 
Atlas"  of  my  American  travels  (pi.  26),  will  illustrate  these 
conditions  The  blocks  are  again  partly  sharp-edged,  and 
partly  scorified  and  even  burnt  like  coke  at  the  edges.  It  is 
a  basaltic,  black,  fundamental  mass,  with  sparingly  scattered 
glassy  felspar ;  some  fragments  are  blackish  brown  and  of  a 
dull  pitch  stone-like  lustre.     Basaltic  as  the  fundamental  mass 
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appears^  however,  it  is  entirely  destitute  of  the  olivine  which 
occurs  so  abundantly  on  the  Rio  Pisque  and  near  Gualla- 
bamba,  where  1  saw  basaltic  columns  of  72  feet  in  height 
and  3  feet  thick,  which  contained  both  olivine  and  horn- 
blende scattered  in  them.  In  the  dyke  of  Ansango  nume- 
rous tablets,  cleft  by  weathering,  indicate  pori)hyritic  slates. 
All  the  blocks  have  a  yellowish  gray  crust  from  weathering. 
As  the  detritus-ridge  (called  los  derrombamientos,  la  reven- 
tazon,  by  the  natives,  who  speak  Spanish),  may  be  traced 
from  the  B>io  del  Molina,  not  far  from  the  farm  of  Pintac^ 
up  to  the  small  crater-lakes  siirrounded  by  pumice-stone 
(chasms  filled  with  water),  the  opinion  has  grown  up  natu- 
rally, and,  as  it  were,  of  itself  that  the  lakes  are  the  openings 
from  which  the  blocks  of  stone  came  to  the  sor&ce.  A  few 
years  before  my  visiting  the  district,  the  ridge  of  fragments 
was  in  motion  for  weeks  upon  the  inclined  surface,  without 
any  perceptible  previous  earthquake,  and  some  houses  near 
Fintac  were  destroyed  by  the  pressure  and  shock  of  the 
blocks  of  stone.  The  detritus-ri^e  of  Ansango  is  still  with- 
out any  trace  of  vegetation,  which  is  found,  although  very 
sparingly,  upon  the  two  more  weathered  and  certainly  older 
eruptions  of  the  plateau  of  Antisana. 

How  is  this  mode  of  manifestation  of  volcanic  activity, 
the  action  of  which  I  am  describing,  to  be  denominated  ?^ 
Have  we  here  to  do  with  lavarstreams  ?  or  only  with  semi- 
scorified  and  ignited  masses,  which  are  thrown  out  uncon- 
nected, but  in  chains  pressed  closely  upon  each  other  (as  on 
Gotapaxi  in  veiy  recent  times)?  Have  the  dykes  of  Tana 
Yolcan  and  Ansango  been  perhaps  merely  solid  fragmentary 
masses,  which  burst  forth  without  any  fresh  elevation  of 
temperature  from  the  interior  of  a  volcanic  conical  mountain, 
in  which  they  lay  loosely  accumulated  and  therefore  badly 
supported,  their  movement  being  caused  by  the  concussion 
of  an  earthquake,  impelled  by  shocks  or  falls  and  giving  rise 
to  small  local  earthqtudkies  ?     Is  no  one  of  the  three  manifes- 

^  "  There  are  few  yolcanoes  in  the  chain  of  the  Andes/'  says  Leopold 
von  Bach,  "which  have  presented  streams  of  lava,  and  none  have 
ever  been  seen  around  the  volcanoes  of  Quito.  Antisana,  upon  the 
.eastern  chain  of  the  Andes,  is  the  only  volcano  of  Quito  upon  which 
M.  de  Humboldt  saw,  near  the  summit,  something  analogous  to  a 
stream  of  lava ;  this  stream  was  exactly  like  obBidian"  {Descr,  de9  Ilea 
Oanariea,  1836,  pp.  468  and  488). 
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tations  of  volcanic  activity  here  indicated,  different  as  they 
are,  applicable  in  this  case  ?  and  have  the  linear  accumula- 
tions of  rock-detritus  been  upheaved  upon  fissures  in  the 
spots  where  they  now  lie  (at  the  foot  and  in  the  vicinity  of 
a  volcano)?  The  two  dykes  of  fragments,  in  this  so  slightly 
inclined  plateau,  called  Yolcan  de  la  Hacienda  and  Yana 
Volcan,  which  I  once  considered,  although  only  conjecturally, 
as  cooled  lava-streams,  now  appear  to  me,  as  far  as  I  can 
remember,  to  present  but  little  in  support  of  the  latter  opi- 
nion. In  the  Volcan  de  Ansango,  where  the  line  of  frag- 
ments may  be  traced  without  interruption,  like  a  river-bed, 
to  the  pumice  margins  of  two  small  lakes,  the  fall,  or  differ- 
ence of  level  between  Pinantura  1482  toises  (9476  feet),  and 
Lecheyacu  1900  toises  (12,1^0  feet),  in  a  distance  of  about 
7700  toises  (49,239  feet),  by  no  means  contradicts  what  we 
now  believe  we  know  of  the  small  average  angles  of  inclina- 
tion of  lava-streams.  From  the  difference  of  level  of  418 
toises  (2674  feet),  there  is  an  inclination  of  3°  6'.  A  partial 
elevation  of  the  soil  in  the  middle  of  the  floor  of  the  valley 
would  not  appear  to  be  any  hindrance,  because  the  back 
swell  of  fluid  masses  impelled  up  valleys  has  been  ob- 
served elsewhere,  for  example,  in  the  eruption  of  Scapt-ar 
Jdkul  in  Iceland,  in  1783  (Naumann,  Geognosie,  Bd.  i, 
s.  160). 

The  word  lava  indicates  no  peculiar  mineral  composition 
of  the  rock ;  and  when  Leopold  von  Buch  says  that  every- 
thing is  lava  that  flows  in  the  volcano  and  attains  new  posi- 
tions by  its  fluidity,  I  add  that  that  which  has  not  again  be- 
come fluid,  but  is  contained  in  the  interior  of  a  volcanic 
cone,  may  change  its  position.  Even  in  the  first  description^ 
of  my  attempt  to  ascend  the  summit  of  Ghimborazo  (only 
published  in  1837,  in  Schumachers  Adronomische  Jahr' 
buck),  I  expressed  this  opinion  in  speaking  of  the  remarkable 
"fragments  of  augitic  porphyry  which  I  collected  on  the 
23rd  June,  1802,  in  loose  pieces  of  from  twelve  to  fourteen 
inches  in  diameter,  upon  the  narrow  ridge  of  rock  leading 
to  the  summit  at  an  elevation  of  19,000  feet.  They 
had  small,  shining  cells,  and  were  porous  and  of  a  red 
colour.  The  blackest  of  them  are  sometimes  light  like 
pumice-stone,  and  as  though  freshly  altered  by  fire.  They 
^  Humboldt,  Kleinere  Schriften,  Bd.  1,  s.  161. 


TRU?  VOLCAXOES.  33|? 

have  not,  however,  flowed  out  in  streams  like  lava,  but  have 
prohahly  been  expelled  at  fissures  on  the  declivity  of  the 
previously  upheaved,  bell-shaped  mountain."  This  genetic 
explanation  might  find  abundant  support  in  the  assumptions 
of  JBoussingault,  who  regards  the  volcanic  cones  themselves 
*^  as  an  accumulation  of  angular  trachytic  fragments,  upheaved 
in  a  solid  condition,  and  heaped  up  without  any  order.  As 
after  the  upheaval  the  broken  rocky  masses  occupy  a  greater 
space  than  before  they  were  shattered,  great  cavities  remain 
amongst  them,  movement  being  produced  by  pressure  an4 
shock  (the  action  of  the  volcanic  vapour-force  being  ab- 
stracted)." I  am  far  from  doubting  the  partial  occurrence  of 
such  fragments  and  cavities,  which  become  filled  with  water 
in  the  Nevados,  although  the  beautifiil,  regular,  and,  for  the 
most  part,  perfectly  perpendicular  trachytic  columns  of  the 
Pico  de  los  Ladrillos,  and  Tablahuma  on  Pichincha,  and, 
above  all,  over  the  small  basin  Yana-Cocha  on  Chimborazo, 
appear  to  me  to  have  been  formed  on  the  spot.  My  old 
and  valued  friend,  Boussingault,  whose  chemico-geognostic 
and  meteorological  opinions  I  am  always  ready  to  adopt, 
regards  what  is  called  the  Yolcan  de  Ansango,  and  what 
now  appears  to  me  as  an  eruption  of  fragments  from  two 
small  lateral  craters  (on  the  western  Antisana,  below  Chus- 
sulongo)  as  upheavals  of  blocks^  upon  long  fissures.     As 

S6  ''We  differ  entirely  with  r^ard  to  the  pretended  stream  of 
Antisana  towards  Pinautura.  I  regard  this  stream  (couU^  as  a  recent 
upheaval  analogous  to  those  of  Calpi  (Yana  Urcu),  Pisque,  and  JoruUo. 
The  trachytic  fragments  have  acquired  a  greater  thickness  towards  the 
middle  of  the. stream.  Their  stratum  is  thicker  towards  Pinantura 
than  at  points  nearer  Antisana.  The  fragmentary  condition  is  an 
effect  of  local  upheaval,  and  in  the  Cordillera  of  the  Andes  earth- 
quakes may  often  be  produced  by  heaping  up  "  (letter  from  M.  Bous- 
singault, dated  August,  1834).  See  page  270.  In  the  description 
of  his  ascent  of  Chimborazo  (December,  1831),  Boussingault  says: 
—  *'The  mass  of  the  mountain  consists,  in  my  opinion,  of  a 
heap  of  trachytic  ruins  piled  up  on  each  other  without  any  order. 
These  trachytic  fragments  of  a  volcano,  which  are  often  of  enormous 
size,  are  upheaved  in  the  solid  state;  their  edges  are  sharp,  and  nothing 
indicates  that  they  had  been  in  a  fused  or  even  a  softened  condition. 
Nowhere,  on  any  of  the  equatorial  volcanoes,  do  we  observe  anything 
that  would  allow  us  to  infer  a  lava-stream.  Nothing  has  ever  been 
thrown  out  from  these  craters  except  masses  of  mud,  elastic  fluids  and 
ignited,  more  or  less  scorified  trachytic  blocks,  which  have  frequently 
been  scattered  to  considerable  distances"  (Humboldt^  Kleinere  Schriften, 
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he  has  acutely  investigated  tliis  r^on  30  years  after  myself, 
he  insists  upon  the  analogy  which  appears  to  him  to  be 
presented  by  the  geognostic  relations  of  the  eruption  of 
Ansango  to  Antisana^  and  those  of  Yana  Urcu  (of  which 
I  made  a  particular  plan)  to  Chimborazo.  I  was  the  less 
inclined  to  beUeve  in  a  direct  upheaval  upon  fissures  through- 
out the  entire  linear  extent  of  the  tract  of  fragments  at 
Ansango,  because  this,  as  1  have  already  repeat-edly  mentioned, 
leads  at  its  upper  extremity,  to  the  two  chasms  now  filled 
with  water.  Non-fragmentary,  wall-like  upheavals  of  great 
length  and  uniform  direction,  are  however  not  unknown  to 
me,  as  I  have  seen  and  described  them  in  our  hemisphere^ 
in  Chinese  Mongolia,  iu  granite  banks  with  a  floetz-like 
bedding**. 

Antisana  had  an  eruption^  in  the  year  1580,  and 
another  in  the  beginning  of  the  last  century,  probably  iu 
1728.  Near  the  summit,  on  the  north-north-east  side,  we 
observe  a  black  mass  of  rock,  upon  which  even  freshly 
fallen  snow  does  not  adhere.  At  this  point,  a  black  column 
of  smoke  was  seen  ascending  for  several  days  iu  the  spring 
of  1801,  at  a  time  when  the  summit  was  on  all  sides  per- 
fectly free  from  clouds.  On  the  16th  March,  1802,  Bon- 
pland,  Carlos  Montufar,  and  myself  reached  a  ridge  of 
rock,  covered  with  pumice-stone,  and  black,  basaltic  scoriae 
iu  the  region  of  perpetual  snow,  at  an  elevation  of  2837 
toises  (18,142  feet),  and  consequently  2358  feet  higher  than 
Montblanc.      The  snow  was  firm  enough  to  bear  us   on 

Bd.  i,  s.  200).  With  regard  to  the  first  origin  of  the  opinion  of  the 
upheaval  of  solid  masses  m  the  form  of  heaped-up  blocks,  see  Acosta, 
in  the  Viajes  d  los  Andes  EcucUoriaies  par  M.  BoussvngavMt  1849, 
pp.  222 — 223.  The  movement  of  the  heaped-up  fragments,  induced  by 
earth-shocks  and  other  causes,  and  the  gradual  filling  up  of  the  inter- 
stices, may,  according  to  the  assumptions  of  the  celebrated  traveller, 
produce  a  gradual  sinking  of  volcanic  mountain  peaks. 

^  Humboldt,  A»ie  Centrale,  t.  ii,  pp.  296 — 301  (Qustav  Rose,  nUneral- 
geognostische  Iteise  nach  dem  Ural,  dem  Altai  imd  dem  Kasp.  Meere, 
Bd.  i,  8.  699).  Narrow,  much  elongated  granitic  walls  may  have  risen, 
during  the  earliest  foldings  of  the  earth's  crust,  over  fissures  analo- 
gous to  the  remarkable,  stiU  open  ones,  which  are  found  at  the  foot  of 
the  volcano  of  Pichincha:  as  the  Guaycos  of  the  city  of  Quito,  of  30 — 
40  feet  in  width  (see  my  Klemere  Schriften,  Bd.  i,  s.  24). 

*  La  Condamine,  Meswre  des  trots  premiers  DegrSs  du  Meridien  dans 
VHimisph^e  Austral,  1751,  p.  56. 
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many  points  near  the  ridge  of  rock,  which  is  so  rare  under 
the  tropics  (temperature  of  the  atmosphere,  28°'8 — 34°'5). 
On  the  southem^declivity,  which  we  did  not  ascend,  at  the 
Piedro  de  Azufre,  where  scales  of  rock  sometimes  separate 
of  themselves  by  weathering,  masses  of  pure  sulphur  of 
10 — 12  feet  in  length,  and  2  feet  in  thicKness,  are  foimd ; 
sulphurous  springs  are  wanting  in  the  vicinity. 

Although  in  the  eastern  Cordillera  the  volcano  of  Anti- 
sana^  and  especially  its  western  declivity  (from  Ansango 
and  Finantura,  towards  the  village  of  Pedregal)  is  sepa- 
rated from  Cotopaxi  by  the  extinct  volcano  of  Passuchoa'* 
with  its  widely  distinguishable  crater  (la  Peila),  by  the 
Nevado  Sinchulahua  and  by  the  lower  Ruminaui,  there  is 
still  a  certain  resemblance  between  the  rocks  of  the  two 
giants.  From  Quinche  onwards  the  whole  eastern  chain 
of  the  Andes  has  produced  obsidian,  and  yet  el  Quinche, 
Antisana,  and  Passuchoa  belong  to  the  basin  in  which  the 
city  of  Quito  is  situated ;  whilst  Cotopaxi  bounds  another 
basin,  that  of  Lactacunga,  Hambato  and  Biobainba.  The 
small  knot  of  mountains  of  the  Altos  of  Chisinche  sepa- 
rates the  two  basins  like  a  dam  ;  and  what  is  remarkable 

^  Passuchoa,  separated  by  the  farm  el  Tambillo  from  the  Atacazo, 
does  not  any  more  than  the  latter  attain  the  region  of  perpetual  snow. 
The  elevated  margin  of  the  crater,  la  Peila,  has  fallen  in  towards  the 
west,  but  projects  towards  the  east  like  an  amphitheatre.  The  tradi- 
tion runs  that  at  the  end  of  the  sixteenth  century,  the  Passuchoa, 
which  had  previously  been  active,  ceased  its  manifestations  of  activity 
on  the  occasion  of  an  eruption  of  Pichincha,  which  proves  the  communi- 
cation between  the  vents  of  the  opposite  eastern  and  western  Cordilleras. 
The  true  basin  of  Quito,  closed  like  a  dam, — on  the  north  by  a  moun- 
tain group  between  Cotocachi  and  Imbaburo,  and  on  the  south, 
by  the  Altos  de  Chisinche  (between  0*»  20'  N.  and  0°  41'  8.),  is  for  the 
most  part  divided  longitudinally  by  the  mountain  ridges  of  Ichimbio 
and  Poingasi.  To  the  eastward  lies  the  valley  of  Puembo  and  Chillo ; 
to  the  westward  the  plain  of  Inaquito  and  Turubamba.  In  the  eastern 
Cordillera  follow  from  north  to  south, — Imbaburo,  the  Faldas  de 
Guamani,  and  Antisana,  Sinchulahua^  and  the  perpendicular,  black 
wall,  crowned  with  turret-like  points,  of  Bumiliaui  (Stone-eye);  in  the 
western  Cordillera,  Cotocachi,  Casitagua,  Pichincha,  Atacazo,  and 
Corazon,  upon,  the  slopes  of  which  blooms  the  splendid  Alpine  plant, 
the  red  HanimciUtLs  Qusmmii.  This  has  appeared  to  me  to  be  the  place 
to  give,  in  brief  terms,  a  morphological  representation,  drawn  from  my 
own  experience,  of  the  form  of  a  spot  which  is  so  important  and 
classical  in  respect  to  volcanic  geology, 
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enoagh,  considering  its  sm&llness,  the  waters  of  the  nor* 
them  slope  of  Ghisinche  pass  hj  the  Kios  de  San  Pedro, 
de  Pito,  and  de  Goallabamba  into  the  Pacific,  whilst  those 
of  the  southern  declivity  flow  through  the  Rio  Alaques  and 
the  Rio  de  San  Felipe  into  the  Amazons  and  Atlantic 
Ocean.  The  union  of  the  Cordilleras  by  mountain  knots 
and  dykes  (sometimes  low,  like  the  Altos  just  mentioned ; 
sometimes  equal  to  Mont  Blanc  in  height,  as  on  the  road 
over  the  Paso  del  Assuay)  appears  to  be  a  more  recent 
and  also  a  less  important  phenomenon  than  the  upheaval 
of  the  divided  paraUel  mountain  chain  itself.  As  Cotopaxi, 
the  greatest  of  the  volcanoes  of  Quito,  presents  much 
analogy  in  its  trachytic  rock  with  the  Antisana,  so  also 
we  again  meet  with  the  rows  of  blocks  (lines  of  fragments) 
which  have  already  occupied  us  so  long,  even  in  greater 
number  upon  the  slopes  of  Cotopaxi. 

It  was  especially  our  business  when  travelling  to  trace 
these  rows  to  their  origin,  or  rather  to  the  point  where  they 
are  concealed  beneath  the  perpetual  covering  of  snow.     We 
ascended  upon  the  south-western  declivity  of  the  volcano 
from  Mulalo  (Mulahalo),  along  the  Eio  Alaques,  which  is 
formed  of  the  Rio  de  los  Baiios  and  the  Rio  Barrancas,  up  to 
Pansache  (12,066  feet),  where  we  inhabited  the  spacious 
Casa  del  Paramo  in  the  grassy  plain  (el  Pajonal).   Although 
up  to  this  time  much  snow  had  fallen  at  night,  we  never- 
theless got  to  the  eastward  of  the  celebi^ted  Cabeza  del 
Inga,  first  into  the  Quebrada  and  Reventazon  de  las  Minas, 
and  afterwards  still  further  to  the  east  over  the  Alto  de 
Suniguaicu  to  the  chasm  of  the  Lion  Mountain  (Puma- 
IJrcu),  where  the  barometer  only  showed  an  elevation  of 
2263  toises,  or   14,471    feet.    Another  line  of  fragments 
which,  however,  we  only  saw  from  a  distance,  has  moved 
from  the  eastern  part  of  the  snow-clad  ash-cone  towards  the 
Rio  Negro  (an  affluent  of  the  Amazon)  and  Valle  vicioso.     It 
is  uncertain  whether  these  blocks  were  all  thrown  out  of  the 
crater  at  the  summit  to  a  great  height  in  the  air,  as  glow- 
ing, scoriaceous  masses  fused  only  at  the  edges  (some  angular, 
some  rounded,  of  6  or  8  feet  in  diameter,  rarely  conchoidal 
like  those  of  Antisana),  falling  on  the  declivity  of  Cotopaxi 
and,  hastened  in  their  movement  by  the  rush  of  the  melted 
snow  water  ;  or  whether,  without  passing  through  the  air 
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they  were  forced  out  through  lateral  fissures  of  the  volcano, 
as  the  word  revewtazon  would  indicate.  Soon  returning 
fix>m  Suniguaicu  and  the  Quebrada  del  Mestizo,  we  examined 
the  long  and  broad  ridge  which,  striking  from  N.W.  to  S.E., 
unites  Cotopaxi  with  the  Nevado  de  Quelendana.  Here  the 
blocks  arranged  in  rows  are  wanting,  and  the  whole  appears  to 
be  a  dam-like  upheaval,  upon  the  ridge  of  which  are  situated 
the  small  conical  mountain  el  Morro  and,  nearer  to  the  horse- 
shoe shaped  Quelendana,  several  marshes  and  two  small 
lakes  f  Lagunas  de  Yauricocha  and  de  Verdecocha).  The 
rock  of  el  Morro  and  of  the  entire  linear  volcanic  upheaval 
y^  greenish-gray  porphyritio  slate,  separated  into  layers  of 
eight  inches  thick,  which  dipped  very  regularly  towards  the 
east  at  60^  Nowhere  was  there  any  trace  of  true  lava- 
streams*'^. 

^  It  is  partictilarly  remarkable  that  the  vast  volcano  of  Ck^to- 
pazi,  which  manifests  an  enormous  activity,  although,  indeed,  usually 
only  after  long  periods,  and  acts  destructively  upon  the  neighbour- 
hood, especially  by  the  inundations  which  it  produces,  exhibits  no 
visible  vapours  between  its  periodical  eruptions,  when  seen  either  in  the 
plateau  of  Lactacunga,  or  from  the  Paramo  de  Pansache.  From  several 
comparisons  with  other  colossal  volcanoes,  such  a  phenomenon  is 
certainly  not  to  be  explained  from  its  height  of  19,180  feet,  and  the 
great  tenuity  of  the  strata  of  air  and  vapour  corresponding  with  this 
elevation.  No  other  Nevado  of  the  equatorial  Cordilleras  shows 
itself  so  often  free  from  clouds  and  in  such  great  beauty  as  the  trun- 
cated cone  of  Cotopaxi,  that  is  to  say  the  portion  which  rises  above 
the  limit  of  perpetual  snow.  The  uninterrupted  regularity  of  this 
ash-cone  is  much  greater  than  that  of  the  ash-cone  of  the  Peak  of 
Teneriffe,  on  which  a  narrow  projecting  rib  of  obsidian  runs  down 
like  a  wall.  Only  the  upper  part  of  the  Tungurahua  is  said  for- 
merly to  have  been  distinguished  in  an  almost  equal  degree  by  the 
regularity  of  its  form,  but  the  terrible  earthquake  of  the  4th  Feb- 
ruary, 1797,  called  the  Oatcutrophe  of  Biobambaf  has  deformed  the 
mountain  cone  of  Tungurahua  by  fissures  and  the  falling  in  of  parts 
and  the  descent  of  loosened  wooded  fragments,  as  also  by  the  accu- 
mulation of  d^ris.  At  Cotopaxi,  as  even  Bouguer  observed,  the 
snow  is  mixed  in  particular  spots  with  crumbs  of  pumioenrtone, 
when  it  forms  a  nearly  solid  mass.  A  slight  inequality  in  the 
mantle  of  snow  is  visible  towards  the  north-west,  where  two  fissure- 
like valleys  run  down.  Black  rocky  ridges  ascending  to  the  summit 
are  seen  nowhere  from  afar,  although  in  the  eruptions  of  the  2ith 
June  and  9th  December,  1742,  a  lateral  opening  showed  itself  halfway 
up  the  snow-covered  ash-cone.  "  There  opened,"  says  Bouguer  {Figure 
de  la  Terre,  p.  Ixviii ;  see  also  La  Condamine,  Jowmal  ivk  Voyage  d 
VEqwUewr,  p.  159),  "  a  new  mouth  towards  the  middle  of  the  part 
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In  the  island  of  lipari,  wUch  abounds  in  pumice- 
stone,  a   lava-stream  of  pumioe-stone  and  obsidian  runs 

constantly  ooyered  with  snow,  whilst  the  flame  always  issued  at  the 
top  of  the  truncated  cone."  Quite  at  the  top,  dose  to  the  summit,  some 
horizontal,  black  streaks,  parallel  to  each  other,  but  interrupted,  are 
detected.  When  examined  with  the  telescope  under  yarious  illumi- 
nations they  appeared  to  me  to  be  rocky  ridges.  The  whole  of  this 
upper  part  is  steeper,  and  almost  close  to  the  truncation  of  the  cone 
forms  a  wall-like  ring  of  unequal  height,  which,  however,  is  not 
yicdble  at  a  great  distance  with  the  naked  eye.  My  description  of  this 
nearly  perpendicular  ^ippermost  circumvallation,  has  already  attracted 
the  particular  attention  of  two  distinguished  geologists, — Du'win  ( Vol- 
canic IsUmds,  1844,  p.  83),  and  Dana  {Geology  of  the  U.S.  Explor.  Exped., 
1849,  p.  350).  The  volcanoes  of  the  Galapagos  Islands,  Diana's  Peak 
in  St.  Helena,  Teneriffe,  and  Cotopaxi,  present  analogous  formations. 
The  highest  point  which  I  determined  by  angles  of  altitude  in  the 
trigonometrical  measurement  of  Cotopaxi,  was  situated  in  a  black 
convexity.  It  is,  perhaps,  the  inner  wall  of  the  higher  and  more 
distant  margin  of  the  crater;  or  is  the  freedom  from  snow  of  the  pro- 
truding rodk  caused  at  once  by  steepness  and  the  heat  of  the  crater? 
In  th«  autiunn  of  the  year  1800,  the  whole  upper  part  of  the  ash- 
cone  was  seen  to  be  luminous,  although  no  eruption,  or  even  emission 
of  vifiihie  vapours  followed.  On  the  other  hand,  in  the  violent  erup- 
tion of  Ootopaxi  on  the  4th  January,  180S,  when  during  my  residence 
on  the  Pacific  coast  the  thimdering  noise  of  the  volcano  shook  the 
windows  in  the  harbour  of  Guayaquil  (at  a  distance  of  148  geog. 
miles),  the  ash-cone  had  entirely  lost  its  snow,  and  presented  a 
most  threatening  appearance.  Was  such  a  heating  ever  observed 
before?  Even  very  recently,  as  we  learn  from  that  admirable,  and 
courageous  female  traveller,  Ida  Pfeiffer  {Meine  zweUe  WeUreiae,  Bd.  iii, 
8. 170),  the  Cotopaxi  had,  in  the  beginning  of  April,  1854,  a  violent 
eruption  of  thick  columns  of  smoke,  "  through  which  the  fire  wound 
itself  like  flashing  flames."  May  this  luminous  phenomenon  have 
been  a  consequence  of  the  volcanic  lightning  excited  by  vaporization  ? 
The  eruptions  have  been  frequent  since  1851. 

The  great  regularity  of  the  snow-covered,  truncated  cone  itself, 
renders  it  the  more  remarkable  that  to  the  south-west  of  the  summit 
there  is  a  small,  grotesquely-notched,  rocky  mass  with  three  or  four 
points  at  the  lower  limit  of  the  region  of  perpetual  snow,  where 
the  conical  form  commences.  The  snow  remains  upon  it  only  in 
email  patches,  probably  on  account  of  its  steepness.  A  glance  at  my 
representation  {Atlas  Pittoresque  du  Voyage,  pi.  10),  shows  its  relation 
to  the  ash-cone  most  distinctly.  I  approiushed  nearest  to  this  blackish- 
gray,  probably  basaltic  rocky  mass,  in  the  Quebrada  and  Reventazon 
de  Minas.  Although  this  widely  visible  hill,  of  very  strange  appear- 
ance, has  been  generally  known  for  centuries  in  the  whole  province 
as  the  Cabeza  del  Inga,  two  very  difierent  hypotheses,  nevertheless, 
prevail  with  regard  to  its  origin  amongst  the  coloured  aborigines 
{Indiot), — according  to  the  one,  it  is  merely  asserted,  that  the  rock 
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do^mi  to  tlie  north  of  Caneto,  from  the  Well-preserved, 
extinct  crater  of  the  Monte  di  Campo  Bianco  towards  the 
sea,  in  which  the  fibres  of  the  former  substance  run,  singu- 
larly enough,  parallel  to  the  direction  of  the  stream '^   The 

is  the  fallen  summit  of  the  volcano,  which  formerly  ended  in  a  point, 
without  any  statement  of  the  date  at  which  the  occurrence  took 
place ;  according  to  the  second  hypothesis,  this  is  placed  in  the  year 
(1533)  in  which  the  Inoa  Atahuallpa  was  strangled  in  Caxamarca, 
and  thus  connected  with  the  terrible  fiery  eruption  of  Cotopaxi, 
described  by  Herrera,  which  took  place  in  the  same  year,  and  also 
with  the  obscure  prophecy  of  Atahuallpa's  father,  Huayna  Capac, 
regarding  the  approaching  fall  of  the  Peruvian  Empire.  Is  that 
which  is  common  to  both  hypotheses, — ^namely,  the  opinion  that  this 
fragment  of  rock  formerly  constituted  the  apex  of  the  cone,—  the  tra- 
ditional echo,  or  obscure  remembrance  of  an  actual  occurrence  ?  The 
aborigines,  it  may  be  said,  in  their  uncultivated  state,  would  probably 
notice  facts  and  preserve  them  in  remembrance,  but  would  be  unable 
to  rise  to  geognostic  combinations.  I  doubt  the  correctness  of  this 
objection.  The  idea  that  a  truncated  cone,  "  in  losing  its  apex,"  may 
have  thrown  it  off  unbroken,  as  laige  blocks  were  tb^own  out  during 
subsequent  eruptions,  may  present  itself  even  to  very  uncultivated 
minds.  The  terraced  pyramid  of  Cholula,  a  work  of  the  Tolteks,  is 
truncated.  The  natives  could  not  suppose  that  the  pyramid  was  not 
originally  completed.  They  therefore  invented  the  fable  that  an 
aerolite,  falling  from  heaven,  destroyed  the  apex ;  nay,  portions  of  the 
aerolite  were  shown  to  the  Spanish  conquerors.  Moreover,  how  can  we 
place  the  first  eruption  of  the  volcano  of  Cotopaxi  at  a  period  when 
the  ash-cone  (the  result  of  a  series  of  eruptions)  was  already  in  exist- 
ence ?  It  seems  probable  to  me,  that  that  theOabeza  dellnga,  was  pro^ 
duced  at  the  spot  which  it  now  occupies ;  that  it  was  upheaved  there, 
like  the  Tana-Urcu  at  the  foot  of  Chimborazo,  and  like  the  Morro  on 
Cotopaxi  itself,  to  the  south  of  Suniguaica,  and  to  the  north-west  of 
the  small  lake  Yurak-cocha  (in  the  Qquechhua  language,  the  White 
Lake). 

With  regard  to  the  name  of  the  Cotopaxi,  I  have  stated  in  the 
first  volume  of  my  Kleinere  Schriften,  (s.  463,)  that  only  the  first  part 
of  it  could  be  explained  from  the  Qquechhua  language,  being  the  word 
ccottOf  heap  or  mass,  but  that  pacsi  was  unknown.  La  Condamine 
(p.  53)  explains  the  whole  name  of  the  mountain,  saying  "  in  the  lan- 
guage of  the  Tncas,  the  name  signifies  shining  mctss"  Buschmann, 
however,  remarks  that,  in  this  case,  pacsi  is  replaced  by  the  word 
pacta,  which  is  certainly  quite  different  from  it,  and  which  signifies 
lustre,  brilliancy,  especially  the  mild  lustre  of  the  moon ;  to  express 
*' shi/ning  nutsSy*  moreover,  in  accordance  with  the  spirit  of  the 
Qquechhua  language,  the  position  of  the  two  words  would  have  to  be 
Reversed, — pa^soMoUo. 

"  Friedrich  Hoffmann,  in  Poggendorff's  Awnalm,  Bd.  xxvi,  1832, 
is.  48. 
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extended  pumice  quarries,  four  miles  and  a,  half  from  Lac- 
tacunga,  present,  according  to  my  investigation  of  the  local 
conditions,  an  analogy  with  this  occurrence  on  Lipari.  These 
quarries,  in  which  the  pumice-stone,  divided  into  horizontal 
beds,  has  exactly  the  appearance  of  a  rock  in  position,  ex- 
cited even  the  astonishment  of  Bouguer  in  1737®'.  "On  vol- 
canic mountains,"  he  says,  "we  only  find  simple  fragments 
of  pumice-stone  of  a  certain  size ;  but  at  seven  leagues  to 
the  south  of  Cotopaxi;  in  a  point  which  corresponds  with 
our  tenth  triangle,  pumice-stone  forms  entire  rocks,  ranged  in 
parallel  banks  of  5  to  6  feet  in  thickness  in  a  space  of  more 
than  a  square  league.  Its  depth  is  not  known.  Imagine 
what  a  heat  it  must  have  required  to  fuse  this  enormous 
mass,  and  in  the  very  spot  where  it  now  occurs  ;  for  it  is 
easily  seen  that  it  has  not  been  deranged,  and  that  it  has 
cooled  in  the  place  where  it  was  liquefied.  The  inhabitants 
of  the  neighbourhood  have  profited  by  this  immense  quarry, 
for  the  small  town  of  Lactacunga,  with  some  very  pretty 
buildings,  has  been  entirely  constructed  of  pumice-stone,  since 
the  earthquake  which  overturned  it  in  1698." 

The  pumice  quarries  are  situated  near  the  Indian  vil- 
lage of  San  Felipe,  in  the  hills  pf  Guapulo  and  Zumbalica, 
which  are  elevated  512  feet  above  the  plateau  and  9990  feet 
above  the  sea  leveL  The  uppermost  layers  of  pumice-stone 
are,  therefore,  five  or  six  hundred  feet  below  the  level  of 
Mulalo,  the  once  beautiful  villa  of  the  Marquis  of  Maenza 
(at  the  foot  of  Cotopaxi),  also  constructed  of  blocks  of 
pumice-stone^  but  now  completely  destroyed  by  frequent 
earthquakes.  The  subterranean  quarries  are  at  unequal 
distances  from  the  two  active  volcanoes,  Tungurahua  and 

^  Bouguer,  Figwre  de  la  Terre,  p.  Ixviii.  How  often,  since  the  earth- 
quake of  the  19th  July,  1698,  has  the  little  town  of  Lactacunga  been 
destroyed  and  rebuilt  with  blocks  of  pumice-stone  from  the  subterra- 
nean qiiarries  of  Zumbalica !  According  to  historical  documents  com- 
tnunicated  to  me  during  my  sojourn  in  the  country,  from  copies  of  the 
old  ones  which  have  been  destroyed,  and  from  more  recent  original 
documents  partially  preserved  in  the  archives  of  the  town,  the  destruc- 
tions occurred  in  the  years  1703  and  1736,  on  the  9th  December, 
1742,  30th  November,  1744,  22nd  February,  1757,  10th  February, 
1766,  and  4th  April,  1768, — ^therefore  seven  times  in  65  years!  In 
the  year  1802  I  found  four-fifths  of  the  town  still  in  ruins  in  conse- 
quence of  the  great  earthquake  of  Biobamba  on  the  4  th  February^ 
1797. 
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Cotopaxi:  32  miles  from  the  former,  and  about  half  tb at  dis- 
tance from  the  latter.    They  are  reached  by  a  gallery.    The 
workmen  assert  that  from  the  horizontal  solid  layers,  of 
which  a  few  are  surrounded  by  loamy  pumice  fragments, 
quadrangular  blocks  of  20  feet,  divided  by  no  transverse  fis- 
sures, might  be  procured.  The  pumice-stone,  which  is  partly 
white  and  partly  bluish  gray,  consists  of  very  fine  and  long 
fibres,  with  a  silky  lustre.     The  parallel  fibres  have  some- 
times a  knotted  appearance,  and  then  exhibit  a  singular 
structure.     The  knots  are  formed  by  roundish  particles  of 
finely  porous   pumice-stone,  from   1 — 1|-   line   in   breadth, 
around  which  long  fibres  curve   so  as  to  inclose  them. 
Brownish    black    mica  in   smaU    six-sided    tables,   white 
crystals  of  oligoclase,  and  black  hornblende  are  sparingly 
scattered  in  it ;  on  the  other  hand,  the  glassy  felspar,  which 
elsewhere  (Camaldoli,  near  Naples)  occurs  in  pumice-stone, 
is  entirely  wanting.     The  pumice-stone  of  Cotopaxi  is  very 
different  from  that  of  the  quarries  of  Zumbalica^ :  its  fibres 
are  short,  not  parallel,  but   curved  in    a  confused  man- 
ner.   Magnesia-mica,  however,  is  not  peculiar  to  pumice- 
stone,  for  it  is  also  found  in  the  fundamental  mass  of  the 
trachyte**  of   Cotopaxi,      At  the  more  south  'rn   ^rolcano, 
Tungurahua,  pumice-stone  appears  to  be  entjbely  wanting. 
There  is  no  trace  of  obsidian  in  the  vicinity  of  the  quar- 
ts This  difference  has  also  been  recognized  by  the   acute   Abich, 
{Veber   Na/tvr   und   Zusammenhang   vuLkanischer   Bildwigen,     1841, 
a.  83). 

^  The  rock  of  Cotopaxi  has  essentially  the  same  mineralogical  com- 
position, as  that  of  the  nearest  volcanoes,  Antisana  and  Tungurahua. 
It  is  a  trachyte,  composed  of  oligoclase  and  augite,  and  consequently 
a  Chimborazo-rock  :  a  proof  of  the  identity  of  the  same  kind  of  volcanic 
mountain  in  masses  in  the  opposite  Cordilleras.  In  the  specimens  col- 
lected by  me  in  1802,  and  by  Boussingault  in  1831,  the  fundament-al 
mass  is  partly  light  or  greenish  gray,  with  a  pitchstone-like  lustre  and 
translucent  at  the  edges  ;  partly  black,  nearly  resembling  basalt,  with 
large  and  small  pores,  which  possess  shining  walls.  The  inclosed  oligo- 
clase is  distinctly  limited;  sometimes  in  very  brilliant  crystals,  very  dis- 
tinctly striated  on  the  cleavage  planes;  sometimes  in  small  fragments 
and  difficult  of  detection.  The  intermixed  augites  are  brownish  and 
blackish  green  and  of  very  variable  size.  Dark  laminae  of  mica  and 
black  metallic  grains  of  magnetic  iron  are  rarely  and  probably  quite 
accidentally  sprinkled  through  the  mass.  In  the  pores  of  a  mass  con- 
taining much  oligoclase,  there  was  some  native  sulphur,  probably 
deposited  by  the  sdl-penetriiting  sulphurous  vapours. 
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ries  of  Zumbalica,  but  I  have  found  black  obsidian  with  a 
conchoidal  fracture  in  very  large  masses,  immersed  in  bluish 
gray  weathered  perlite^  amongst  the  blocks  thrown  out 
from  Gotopaxi  and  lying  near  Mulalo.  Of  this,  fragments 
are  preserved  in  the  Royal  Collection  of  Minerals  at  Berlin. 
The  pumice-stone  quarries  here  described,  at  a  distance  of 
sixteen  miles  from  the  foot  of  Gotopaxi,  appear  therefore, 
to  judge  from  their  mineralogical  nature,  to  be  quite  fo- 
reign to  that  mountain,  and  only  to  stand  in  the  same 
relation  to  it,  which  all  the  volcanoes  of  Pasto  and  Quito, 
occupying  many  thousand  square  miles,  present  to  the  vol- 
canic focus  of  the  equatorial  Cordilleras.  Have  these 
pumice-stones  been  the  centre  and  interior  of  a  proper 
crater  of  elevation,  the  external  wall  of  which  has  been 
destroyed  in  the  numerous  convulsions  which  the  surface 
of  the  earth  has  here  undergone  ?  or  have  they  been  depo- 
sited here  upon  fissures  in  apparent  rest,  during  the  most 
ancient  foldings  of  the  earth's  crust  P  For  the  assump- 
tion of  aqueous  sedimentary  alluvia,  such  as  are  often  exlu- 
bited  in  volcanic  tufaceous  masses  mixed  with  remains  of 
plants  and  shells,  is  attended  with  still  greater  difficul- 
ties. 

The  same  questions  are  suggested  by  the  great  mass  of 
pumice-stone,  at  a  distance  from  all  intumescent  volcanic 
platforms,  which  I  found  on  the  Rio  Mayo  in  the  Cordil- 
lera of  Pasto,  between  Mamendoy  and  the  Gerro  del  Pul- 
pito,  36  miles  from  the  active  volcano  of  Pasto.  Leopold 
von  Buch  has  also  called  attention  to  a  similar  perfectly 
isolated  eruption  of  pumice-stone  described  by  Meyen,  which, 
consisting  of  boulders,  forms  a  hill  of  320  feet  in  height, 
near  the  village  of  Tollo,  to  the  east  of  Valparaiso,  in  Chili 
The  volcano  Maypo,  which  upheaves  Jurassic  strata  in  its 
rise,  is  two  full  days'  journey  from  this  eruption  of  pumice* 
stone  ^.  The  Prussian  Ambassador  in  Washington,  Fried- 
rich  von  G^rolt,  to  whom  we  are  indebted  for   the   first 

^  "The  volcano  of  Maypo  (S.  lat.  84°  150  which  has  never  ejected 
pumice-stone,  is  at  a  distance  of  two  days*  journey  from  the  ridge  of 
Tollo,  which  is  320  feet  in  height  and  entirely  composed  of  pumice- 
stone,  inclosing  vitreous  felspar,  brown  crystals  of  mica,  and  small 
fragments  of  obsidian.  It  is,  therefore,  an  (independent)  isolated  erup- 
tion, quite  at  the  foot  of  the  Andes  and  close  to  the  plain."  Leop.  de^ 
Buch,  Desc  Phys.  des  lies  Canaries,  1836,  p.  470. 


TRUE  VOLCANOES.  345 

coloured  geognostic  map  of  Mexico,  also  mentions  **a.  subteiv 
ranean  qnany  of  pumice-stone  at  Bauten/'  near  Huichapa, 
32  miles  to  the  soulii-east  of  Queretaro,  at  a  distance  from^ 
all  volcanoes  *•.  The  geological  explorer  of  the  Caucasus^ 
Abich,  is  inclined  to  believe  from  his  own  observations, 
that  the  vast  eruption  of  pumice-stone  near  the  village 
Tschegem,  in  the  little  Kal>arda,  on  the  northern  decHvity  of 
the  central  chain  of  the  Elburuz,  is,  as  an  effect  of  fissure, 
much  older  than  the  elevation  of  the  very  distant  conical 
mountain  just  menioned. 

li^  therefore,  the  volcanic  activity  of  the  earth,  by  radia- 
tion of  heat  into  space  during  the  diminution  of  its  original 
temperature,  and  in  the  contraction  of  the  superior  cooling 
strata,  produces  fissures  and  wrinkles  (fractures  et  rides), 
and  therefore  simultaneous  sinking  of  the  upper  and  up- 
heaval of  the  lower  parts'',  we  must  naturally  regard,  as 
the  measure  and  evidence  of  this  activity  in  the  various 
regions  of  the  earth,  the  number  of  recognizable  volcanic 
platforms  (open,  conical,  and  dome-shaped  mountains)  up- 
heaved upon  fissures.  This  enumeration  has  been  repeat- 
edly and  often  very  imperfectly  attempted :  eruptive  hills 

^  Federico  de  Gerolt,  Ciirtas  Oeognosticas  de  lo$  Principalea  DiatrUos 
Mmerales  de  Mexico,  1827,  p.  5. 

^  On  the  solidification  and  formation  of  the  crusts  of  the  earth,  see 
Cosmos,  voL  i,  pp.  164 — 166.  The  experiments  of  Bischof,  Charles 
DeyHle,  and  Delesse  have  thrown  a  new  light  upon  the  folding  of  the 
body  of  the  earth.  See  also  the  older,  ingenious  considerations  of 
Babbage,  on  the  occasion  of  his  thermic  explanation  of  the  problem 
presented  by  the  temple  of  Serapis  to  the  north  of  Puzzuoli,  in  the 
Quarterly  Journal  of  the  Geological  Society  of  Lovidon,  "vol.  iii,  1847, 
p.  186 ;  Charles  Deyille,  S^JM•  la  Diminution  de  Densiti  dans  les  Jtockes 
en  passwnt  de  Vitat  cristallin  d  Vitai  vitreux,  in  the  Comptes  rendus 
de  VAcad.  des  Sciences,  t.  xx,  1845,  p.  1453;  Delesse,  Swr  les  Effets  de  la 
Fusion,  t.  XXV,  1847,  p.  455 ;  Louis  FrapoUi  Swr  la  Caract^re  OSohgique, 
in  the  Bull,  de  la  Soc,  Giol,  de  France,  2me  s^rie,  t.  iv,  1847,  p.  627;  and 
above  all,  Elie  de  Beaumont,  in  his  important  work,  Notice  swr  les 
Systhnes  de  Mowtagnes,  1852,  t.  iii.  The  following  three  sections 
deserve  the  particular  attention  of  geologists :  Conmdirations  sur  Us 
SouUvemenis  dUs  d  une  diminution  Unite  et  progressive  du  volwne  de  la 
Terre,  p.  1830 ;  Sur  I'Ecrasement  Transversal  nomnU  refoulement  par 
Saussure,  eomme  une  des  causes  de  ViUvaiion  des  Chatnes  de  Montagnes, 
pp.  1317,  1333,  and  1346;  Sv^  la  Contraction  que  Us  Roches  fondues 
iprouvent  en  cristallisant,  iendant  dh  U  commencement  du  refroidisse- 
ment  du  Globe  d  rendre  sa  masse  interne  plus  petite  que  la  capaciti  de 
son  envehppe  ext^rieure,  p.  1235* 
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and  Bolfataras,  belonging  to  one  and  the  same  system,  have 
been  referred  to  as  distinct    volcanoes.     The  magnitude 
of  the  space  in  the   interior   of    continents   which   has 
hitherto  remained  closed  to  all  scientific  investigation,  has 
not  been  so  great  an  obstacle  to  tho  solidity  of  this  work  as 
is  commonly  supposed,  as  islands  and  regions  near  the  coast 
are  generally  the  principal  seat  of  volcanoes.    In  a  numerical 
investigation,  which  cannot  be  brought  to  a  full  conclusion 
in  the  present  state  of  our  knowledge,  much   is   already 
gained  when  we  attain  to  a  result  which  is  to  be  regarded 
as  a  lower  limit,  and  when  we  can  determine  with  great 
probability  upon  how  many  points  the  fluid  interior  of  our 
earth  has  remained  in  active  communication  with  the  atmo- 
sphere within  the  historical  period.       Such    an  activity 
usually  manifests  itself  simultaneously  in  eruptions  from 
volcanic  platforms  (conical  mountains),  in  the  increasing  heat 
and  inflammability  of  thermal  springs  and  naphtha  wells, 
and  in  the  increased  extent  of  circles  of  commotion,  phe- 
nomena which  all  stand  in  intimate  connection  and  in  mu^ 
tual  dependence^.     Here  aeain,  also,  Leopold  von  Buch  has 
the  great  merit  of  having  (m  the  supplements  to  the  JPhy- 
steal  Description  of  the  Canary  Islands)  for  the  first  time 
undertaken  to  bring  the  volcanic  system  of  the  whole  earth, 
after  the  fundamental  distinction  of  Central  and  Linear  Vol- 
canoes, imder  one  cosmical  point  of  view.     My  own  more 
recent,  and,  probably  for  this  reason,  more  complete  enumera- 
tion, undertaken  in  accordance  with  principles  which  I  have 
ah'eady  indicated  (pp.  245  and  271)  and  therefore  excluding 
unopened  bell-shaped  mountains  and  mere  eruptive  cones, 
gives,  as  the  probable  lower  numerical  limit  (nomhre  limite 
inferi&ur),  a  result  which  difiers  considerably  from  all  pre- 
ss *f  ^e  hot  springs  of  Saragyn  at  the  height  of  fully  5600  feet  are  re- 
markable for  the  part  played  by  the  carboDic  acid  gas  which  traverses 
them  at  the  period  of  earthquakes.    At  this  epoch,  the  gas,  like  the  car- 
bonated hydrogen  of  the  peninsula  of  Apscheron,  increases  in  volume 
and  becomes  heated,  before  and  during  the  earthquakes  in  the  plain  of 
^^       Ardebil.     In  the  peninsula  of  Apscheron,  the  temperature  rises  36^, 
'  -^    tmtil  spontaneous  inflammation  occurs  at  the  moment  when   and  the 
spot  where  an  igneous  eruption  takes  place,  which  is  always  prognosti- 
cated by  earthquakes  in  the  provinces  of  Chemakhi  and  Apscheron." 
Abich,  in  the  MSUmgea  Phytigwi  et  Chimiques,  i,  ii,  1855,  pp.  364 — 365 
(see  CotmoSf  vol.  v,  p.  175). 
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vious  ones.      It  is  an  attempt  to  indicate  the  volcanoes 
which  have  been  active  within  the  historical  period. 

The  question  lias  been  repeatedly  raised  whether  in  those 
parts  of  the  earth's  surface^  in  which  the  greatest  number 
of  volcanoes  are  crowded  together,  and  the  reaction  of  the 
interior  of  the  earth  upon  the  hard  (solid)  crust  manifests 
the  most  activity,  the  fiised  part  may  not  lie  nearer  to 
the  surface  P  Whatever  be  the  course  adopted  to  determine 
the  average  thickness  of  the  solid  crust  of  the  earth  in  its 
maximum  :  whether  it  be  the  purely  mathematical  one 
which  is  presented  by  theoretical  astronomy"®,  or  the  simpler 
course,  founded  upon  the  law  of  the  increase  of  heat  with 
depth  and  the  temperature  of  fusion  of  rocks^^,  still  the 
solution  of  this  problem  presents  a  great  number  of  values 
which  are  at  present    undetermined.     Amongst  these  we 

*  W.  Hopkins,  Regearehea  on  Physical  Oeology  m  the  PhU.  Transact' 
for  1839,  pt.  ii,  p.  311,  for  1840,  pt.  i,  p.  198,  and  for  1842,  pt.  i,  p.  48 ; 
alflo  with  regard  to  the  necessary  relations  of  stability  of  the  external 
surface;  Theory  of  Volcaaaoes  in  the  British  Association  Report  for  1847» 
pp.  45—49. 

^  Cosmos,  vol.  V.  pp.  35 — 87 ;  Naumann,  Oeognosie,  Bd.  i,  pp.  66 — 76 ; 
Bischof,  Wdrmelehre,  s.  382;  Lyell,  Principles  of  Oeology,  1863,  pp.  636 
— 547  and  562.  In  the  very  interesting  and  instructive  work,  Soft- 
venirs  dCun  Natwcdiste,  by  A.  de  Quatrefages,  1864,  t.  ii,  p.  469,  the 
upper  limit  of  the  fused  liquid  strata,  is  brought  up  to  the  small  depth 
of  20  kilometres :  "  as  most  of  the  silicates  fuse  at  1231''."  '*  This  low 
estimate,"  as  Gustav  Rose  observes,  ''is  founded  in  an  error.  The 
temperature  of  2372**,  which  is  given  by  Mitscherlich  as  the  melting 
point  of  granite  {Cosmos,  vol  i,  p.  26)  is  certainly  the  minimum  that  we 
can  admit.  I  have  repea^dly  had  granite  placed  in  the  hottest  parts  of 
a  porcelain  furnace,  and  it  was  always  but  imperfectly  fused*  The 
mica  alone  fuses  with  the  felspar  to  form  a  vesicular  glass ;  the  quartz 
becomes  opaque,  but  does  not  fuse.  This  is  the  case  with  all  rocks 
which  contain  quartz ;  and  this  means  may  even  be  made  use  of  for 
the  detection  of  quartz  in  rocks,  in  which  its  quantity  is  so  small  that 
it  cannot  be  discovered  with  the  naked  eye, — for  example  in  the 
syenite  of  Plauen,  and  in  the  diorite,  which  we  brought  in  1829  frou^ 
Alapajewsk  in  the  Ural.  All  rocks  which  contain  no  quartz,  or  any 
other  minerals  so  rich  in  silica  as  granite,  such  as  basalt  for  example^ 
fuse  more  readily  than  granite  to  form  a  perfect  glass  in  the  porcelain 
furnace ;  but  not  over  the  spirit  lamp  with  a  double  current,  which  is 
nevertheless  certainly  capable  of  producing  a  temperature  of  1231**." 
In  Bischofs  remarkable  experiments,  on  the  fusion  of  a  globule  of 
basalt,  even  this  mineral  appeared,  from  some  hypothetical  assumptions 
to  require  a  temperature  264**  higher  than  the  melting  point  of  copper. 
(  Warmtkhre  des  Innem  vnsers  Erdk^rpers,  s.  473). 
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]iaye  to  mention:  the  influence  of  an  enormous  pressure 
upon  fusibility, — ^the  different  conduction  of  heat  by  hetero- 
geneous rocks, — ^the  remarkable  enfeebling  of  conductibility 
with  a  great  increase  of  temperature,  treated  of  by  Ed-waiti 
Forbes, — ^the  unequal  depth  of  the  oceanic  basin, — ^and  the 
local  accidents  in  the  connection  and  nature  of  the  fissures, 
which  lead  down  to  the  fluid  interior !  If  the  greater  vici- 
nity of  the  upper  limit  of  the  fluid  interior  in  particular 
regions  of  the  earth  may  explain  the  frequency  of  volcanoes 
and  the  greater  multiplicity  of  communication  between  the 
depths  and  ihe  atmosphere,  this  vicinity  again  may  depend 
either  upon  the  relative  average  differences  of  elevation  of 
the  sea-bottom  and  the  continents,  or  upon  the  unequal 
perpendicular  depth  at  which  the  surfeu^  of  the  molten  fluid 
mass  occurs,  in  various  geographical  longitudes  and  latitudes. 
But  where  does  such  a  surface  commence  ?  Are  there  not 
intermediate  degrees  between  perfect  solidity  and  perfect 
mobility  of  the  parts  ? — states  of  transition  which  have 
frequently  been  referred  to  in  the  discussions  relative  to 
the  plasticity  of  some  Plutonic  and  volcanic  rocks  which 
have  been  elevated  to  the  surface,  and  also  with  regard  to 
the  movement  of  glaciers.  Such  intermediate  states  abstract 
themselves  from  mathematical  considerations,  just  as  much 
as  the  condition  of  the  so-called  fluid  interior  under  an 
enormous  pressure.  If  it  be  not  even  very  probable  that 
the  temperature  everywhere  continues  to  increase  with  the 
depth  in  arithmetical  progression,  local  intermediate  dis- 
turbances may  also  occur,  for  example,  by  subterranean 
basins  (cavities  in  the  hard  mass),  which  are  from  time  to 
time  partially-filled  from  below  with  fluid  lava  and  vapours 
resting  upon  it".  Even  the  immortal  author  of  the  ^ro^ 
togcBa  allows  these  cavities  to  play  a  part  in  the  theory  of 
the  diminishing  central  heat : — "  Postremo  credibile  est  con- 
trahentem  se  refrigeratione  crustam  bullas  reliquisse,  ingentes 
pro  rei  magnitudine  id  est  sub  vastis  fomicibus  cavUates.^''^ 

^  Ootmo%,  vol.  V,  p.  168.  See  aLw  with  reg^d  to  the  unequal  dis- 
tribution of  the  icy  soil,  and  the  depth  at  which  it  commences,  ind(^ 
pendently  of  g^eographical  latitude,  the  remarkable  observations  of 
Captain  FrankUn,  Erman,  Kupffer,  and  especially  of  Middendorff  (Jtoc^ 
eU.  8up,  B.  42,  47  and  167). 

^  Leibnitz  in  the  Protogcea,  §  4» 
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The  more  improbable  it  is  that  the  thickness  of  the  crust 
abeadj  solidified  is  the  same  in  all  regions,  the  more  impor- 
tant is  the  consideration  of  the  number  and  geographical 
position  of  the  volcanoes  which  have  been  open  in  his- 
torical periods.  Such  an  examination  of  the  geography  of 
volcanoes  can  only  be  perfected  by  frequently  renewed 
attempts. 


I.  Europe. 

Volctmo  in  the  Ziparh, 

StromboUf 

Ischia, 

Vesuvius, 

Santorin, 

Lemnos, 

All  belong  to  the  great  basin  of  the  Mediterranean,  bat 
to  its  European  and  not  to  its  African  shores ;  and  all  these 
seven  volcanoes  are  still  or  have  been  active  in  known  histo- 
rical periods ;  the  burning  mountain  Mosychlos  in  Lemnos, 
which  Homer  names  the  favourite  seat  of  Hephaestos  was 
only  destroyed  and  sunk  beneath  the  waves  of  the  sea  by 
earthquakes,  together  with  the  island  of  Cliryse,  after  the  time 
of  the  great  Macedonian  {Cosmos,  vol.  i,  p.  246 ;  Ukert,  Geogr, 
der  Q~riechen  und  Bomer,  TL  ii,  Abth.  1,  s.  198).  The 
great  upheaval  of  the  three  Kaimenes  in  the  middle  of 
the  Gulf  of  Santorin  (partly  inclosed  by  Thera,  Therasia, 
and  Aspronisi)  which  has  been  repeated  several  times  within 
about  1900  years  (from  186  B.C.  to  1712  of  our  epoch)  had  in 
their  production  and  disappearance  a  remarkable  similarity 
with  the  relatively  unimportant  phenomenon  of  the  tem- 
porary formation  of  the  islands  which  were  called  Graham, 
Julia,  and  Ferdinandea,  between  Sciacca  and  Pantellaria. 
Upon  the  peninsula  of  Methana,  which  has  already  been 
frequently  mentioned  {Cosmos,  vol.  i,  p.  239  ;  vol.  v,  p.  229), 
there  are  distinct  traces  of  volcanic  eruptions  in  the  reddish 
brown  trachyte  which  rises  from  the  limestone  near  Kai- 
menochari  and  Kaimeno  (CurtiriS,  Pelop,  Bd.ii.  s.  439). 
Of  prehistoric  volcanoes  with  fr'esh  traces  of  the  emission 
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of  lava  from  craters  there  are,  counting  from  north  to  south, 
those  of  the  Eifel  {Mosenberg,  Geroldstein)  furthest  to  the 
north ;  the  great  crater  of  elevation  in  which  Schemnitz  is 
situated ;  Auvergne  (Chame  des  Puys  or  of  the  Monts 
Domes,  le  Cone  du  Cantal,  les  Monts-Dore)  j  Vivarais,  in 
which  the  ancient  lavas  have  broken  out  from  gneiss  {Coupe 
d'yAjsac,  and  the  cone  of  Montpezat) ;  Velay :  eruptions  of 
scoriae  from  which  no  lavas  issue ;  the  Euganean  hills ;  the 
Alban  mountains,  Rocca  Monfina  and  Vultur,  near  Teano  and 
Melfi  ;  the  extinct  volcanoes  about  Olot  and  Castell  Follit 
in  Catalonia  ;^  the  island  group,  las  Columbretes,  near  the 
coast  of  Valencia  (the  sickle-shsiped  larger  island  Colum- 
braria  of  the  Romans,  upon  which  Montcolibre,  latitude 
39^54'  according  to  Captain  Smyth,  is  full  of  obsidian  and 
cellular  trachyte);  the  Greek  island  Nisyros,  one  of  the 
Carpathian  Sporades,  of  a  perfectly  round  form,  in  the 
middle  of  which,  at  an  elevation  of  2270  feet  according  to 
Ross,  there  is  a  deep,  walled  cauldi'on  with  a  strongly  deto- 
nating solfatara,  from  which  at  one  time  radiating  lava- 
streams  poured  themselves  into  the  sea,  where  they  now 
form  small  promontories,  and  furnished  volcanic  millstones 
in  Strabo's  time  (Ross,  Reisen  auf  den  griecJiischen  Inseln, 
Bd.  ii,  s.  69  and  72—78).  For  the  British  islands  we 
have  here  still  to  mention,  on  account  of  the  antiquity  of 
the  formations,  the  remarkable  effects  of  submarine  vol- 
canoes upon  the  strata  of  the  lower  Silurian  formation 
(Llandeilo  strata)  cellular  volcanic  fragments  being  baked 
into  these  strata,  whilst,  according  to  Sir  Roderick  Murchi- 
son's  important  observation,  even  eruptive  trapp-masses  pene- 
trate into  lower  Silurian  strata  in  the  Comdon  moimtains 
(Shropshire  and  Montgomeryshire)  ;**  the  dyke-phenomena 
of  the  isle  of  Arran ;  and  the  other  points  in  which  the  in- 
terference of  volcanic  activity  is  visible,  although  no  traces 
of  true  platforms  are  to  be  discovered. 

^  With  regard  to  Vivarais  and  Velay,  see  the  very  recent  and  accu- 
rate researches  of  Girard  in  his  Geologischen  Wandenmgen,  Bd.  i^ 
(1856)  8.  161,  173  and  214.  The  ancient  volcanoes  of  Olot  were 
discovered  by  the  American  geologist  Maclure  in  1808,  visited  by  Lyell 
in  1830,  and  well  described  and  figured  by  the  latter  in  his  Mantbol  of 
Geology  1855,  pp.  535—542. 

**  Sir  Roderick  Murchison,  SUuria,  pp.  20  and  55 — ^58  (Lyell, 
Manual,  p.  563). 
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II.  Islands  op  the  Atlantic  Ocean. 

The  Yolcano  Esk,  upon  the  island  of  Jan  Mayen,  ascended 
by  the  meritorious  Scoresby  and  named  after  his  ship ; 
height  scarcely  1600  feet.  An  open,  not  ignited  summit- 
crater  ;  basalt,  rich  in  pyroxene  and  trass. 

South-west  of  the  E^,  near  the  North  Cape  of  Egg  Island, 
another  volcano,  which,  in  April  1818,  presented  high  erup7 
tions  of  ashes  every  four  months. 

The  Beerenberg,  6874  feet  in  height,  in  the  broad,  north- 
eastern part  of  Jan  May  en  (lat.  71°.  4')  is  not  known  to  be  a 
volcano.** 

Yolcanoes  of  Iceland :  Oerafa,  Hecla,  Kauda-Kamba  .  .  . 

Volcano  of  the  island  of  Pico^  in  the  Azores :  a  great 
eruption  of  lava  from  the  1st  May  to  the  5th  June,  1800. 

The  Peak  of  Teneriffe. 

Volcano  of  Fogo,*^  one  of  the  Cape  de  Verde  Islands. 

JPreJiistoric  volcanic  activity, — This  on  Iceland  is  less  defi- 
nitely attached  to  certain  centres.  If  we  divide  the  volcanoes 
of  the  island,  with  Sartorius  von  Waltershausen,  into  two 
classes,  of  which  those  of  the  one  have  only  had  a  single 
eruption,  whilst  those  of  the  other  repeatedly  emit  lava- 
streams  at  the  same  principal  fissure,  we  must  refer  to  the 
former,  Rauda-Kamba^  Scaptar,  Ellidavatan,  to  the  south- 
east of  Reykjavik  .  .  .  . ;  to  the  second,  which  exhibits  a 
permanent  individuality,  the  two  highest  volcanoes  of  Ice- 
land Oerafa  (more  than  6390  feet)  and  Snaefiall,  Hecla,  &c, 
Snaefiall  has  not  been  in  activity  within  the  memory  of  man, 
whilst  Oerafa  is  known  by  the  fearful  eruptions  of  1362  and 
1727  (Sart,  von  Waltershausen,  Skizze  von  Island,  s.  108 

^  Scoresby,  Account  of  the  Arctic  Regions,  vol.  i,  pp.  166 — 169,  tab. 
y  and  vi. 

*•  L^op.  von  Buch,  Descr.  des  lies  Canaries,  pp.  857—369,  and  Land- 
grebe,  Natwrgesckichie  der  VvUeoflne,  1856,  Bd.  i,  a.  121--186 ;  and  with 
regard  to  the  circunavallations  of  the  craters  of  elevation  {Caldeiras) 
upon  the  Islands  of  Saint  Michael,  Fayal  dad  Terceira  (from  the  maps 
of  Captain  Vidal)  (see  page  ^26).  The  eruptions  of  Fayal  (1672)  and 
Saint  George  (1580  and  1808)  appear  to  be  dependent  upon  the  prin- 
cipal volcano,  the  Pico. 

^  See  pages  248  and  262. 


353  COSMOS. 

and  112).  In  Madeira,^  the  two  liighest  mountains,  the 
conical  Pico  Buivo,  6060  feet  in  height,  and  the  Pico  de 
Torres,  which  is  but  little  known,  covered  on  their  steep 
dediyities  with  scoriaceoos  lavas,  cannot  be  regarded  as  the 
central  point  of  the  former  volcanic  activity  on  the  whole 
island,  as  in  many  parts  of  the  latter,  especially  towards  the 
coasts,  emptive-ori£ces  and  even  a  large  crater,  that  of  the 
Lagoa,  near  Machico,  are  met  with.  The  lavas,  thickened 
by  confluence,  cannot  be  traced  far  as  separate  streams. 
Remains  of  ancient  Dicotyledonous  and  Eem-like  vegeta- 
tion, carefully  investigated  by  Charles  Bunbury,  are  found 
buried  in  upheaved  strata  of  volcanic  tufiet  and  loam,  some- 
times covered  by  more  recent  basalt.  Fernando  de  Noronha, 
lat.  3°  5(y  S.  and  2^  27'  to  the  east  of  Pemambuco  :  a  group 
of  very  small  islands  j  phonolitic  rocks  containing  horn- 
blende,— ^no  crater,  but  vein-flssures  filled  with  trachyte 
and  basaltic  amygdaloid,  penetrating  white  tufa  layers.^ 
The  island  of  Ascension ;  highest  summit  2868  feet ;  basal- 
tic lavas  with  more  glassy  felspar  than  olivine  sprinkled 
through  them,  and  well  bounded  streams  traceable  up  to  the 
eruptive  cone  of  trachyte.  The  latter  rock  of  light  colours, 
often  broken  up  like  tufa,  predominates  in  the  interior  and 
south-«ast  of  the  island.  The  masses  of  scoriae  thrown  out 
from  Green  Mountain,  inclose  immersed  angular  fragments^ 
containing  syenite  and  granite,  which  remind  one  of  the 
lavas  of  Jorullo.  To  the  westward  of  Green  Mountain, 
there  is  a  large  open  crater.  Volcanic  bombs,  partly  hollow," 
of  as  much  as  10  inches  in  diameter  lie  scattered  about  iu 
innumerable  quantities,  together  with  large  masses  of  obsi- 
dian. Saint  Helena  :  the  whole  island  volcanic,  the  beds  ol 
lava  in  the  interior  rather  felspathic ;  basaltic  towards  the 
coast,  penetrated  by  innumerable  dykes  as  at  Flagstaff  Hill. 
Between  Diana  Teak  and  Nestlodge,  in  the  central  series  of 
mountains,  is  the  curved  and  crescentic  shaped  fragments 
of  a  wider,  destroyed  crater  full  of  scoriae  and  cellular  lava 

^  Results  of  the  observations  upon  Madeira  by  Sir  Charles  Lyell  aad 
Hartung  in  the  Mwnual  of  Qeoiogy  1865,  pp.  516 — 625. 

^  Darwin,  Volccmic  Islcmda  1844,  p.  23>  and  Lieutenant  Lee,  Cruise 
of  the  U.S.  Brig  Dolphin,  1854,  p.  80. 

^  See  the  admirable  description  of  Ascension  in  Darwin's  Volcanic 
Idandt,  pp.  40  and  41, 
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"  the.  mere  wreck"  of  one  great  crater*  is  left  **).   Thebeds  of- 
laya  are  not  limited  and  consequently  cannot  be  traced  -as  trae» 
streams  of  small  breadth/    Tristan  da  Cunha  (lat.  37*  3'  S.,; 
long.  1 1°26' W.)  discovered  as  early  as  1506  by  the  Portuguese ; 
a  small  circular  island  of  six:  miles  in  diameter,  in  the. 
centre  of  which  a  conical,  mountain  is  situated,  described  by 
Captain  Denham  as  about  8300  feet  in  height  and  composed 
of  Yolcanic  rock  (Dr.  Petermann's  Oeogr.  Mittheil,   1855, 
No.  iii,  &  84).      To  the  south-east,  buit  in  53°  S.  latitude, 
lies  the  equally  volcanic  Thompson's  Island  and  between 
the  two  in  the  same  direction,  Gough  Island,  also  called. 
Diego  Alvarez.     Deception  Island,    a    slender,    narrowly 
opened  ring  (S.  lat.  62°  66'),  and  Bridgeman*s  Island  belong- 
ing to  the  South  Shetlands  group ;  both  volcanic,  with  layers, 
of  ice,  pumice-stone,  black  ashes  and  obsidian;  perpetual 
eruption  of  hot  vapours  (Kendal,  Journal  of  the  Oeogrofhical 
Society f  vol.  i,  1831,  p.  62)     Iii  February,  1842,  iUeception 
Island  was  seen  to  produce  flames  simultaneously  at   13 
points  in  the  ring  (Dana  in^  United  States  Eccplor,  Exped, 
vol.  X,  p.  548).   It  is  remarkable  that,  as  so  many  islands  in 
the  Atlantic  Ocean  are  volcanic,  neither  the  entire  flat  islet ' 
of  Saint  Paul"  (Penedo  de  S.  Pedro),  one  decree  to  the  north 
of  the  equator ;  nor  the  Falklands   (with  thin  quartzose 
clay-slate).  South  Georgia  or  Sandwich  land,  appear  to  offer 
any  volcanic  rock.     On  the  other  hand  a  region  of  the 
Atlantic  Ocean,  about  0°  20'  to  the  south  of  the  equator, 
longitude  22°  W.,  is  regarded  as  the  seat  of  a  submarine 
volcano.*    In  this  vicinity  Erusenstem  saw  black  columns 
of  smoke  rise  out  of  the  sea  (19th  May  1806),  and  in  1836 
volcanic  ashes  collected  at  the  same  point  (south-east  from 
the  above  mentioned  rock  of  Saint  Paul)  on  two  occasions, 

^  Darwin,  pp.  84  and  92,  with  regard  to  "  the  great  hollow  space  ok 
valley  southward  of  the  central  curved  ridge,  across  which  the  half  of 
the  crater  must  once  have  extended.  It  is  interesting  to  trace  the  steps, 
by  which  the  structure  of  a  volcanic  district  becomes  obscured  and 
finally  obliterated"  (See  also  Scale,  Qeognoty  of  ike  Island  of  Saint 
ffdena,  p.  28). 

"  St.  Fbul's  Bocks:  (See  Darwin^  pp.  31-^3  and  125). 

^  Dauasy  on  the  probable  existence  of  a  submarine  volcano  in  the 
Atlantic,  in  the  Comptes  rendus  de  VAcad,  dea  Sciences,  t.  vi,  1858, 
p.  512 ;  Darwin,  Volcanic  Islamde,  p.  92 ;  Lee,  Cruise  nf  the  U.S.  Brig 
JMphin,  pp.  2—55  and  61. 
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were  exhibited  to  the  Asiatic  Society  of  Calcutta,  According 
to  yeiy  accurate  investigations  by  Daussy,  singular  shocks 
and  agitation  of  the  sea,  ascribed  to  the  commotion  of  the 
sea-bottom  by  earthquakes,  have  been  observed  in  this  vol- 
canic region,  as  it  is  <»lled  in  the  new  and  beautiful  American 
chart  of  Lieutenant  Samuel  Lee  (^Track  of  the  Surveying  Brig 
Dolphin,  1854),  five  tunes  between  1747  and  Krusenstem^ 
circumnavigation  of  the  globe  and  seven  times  from  1806  to 
1836.  But  during  the  recent  expedition  of  the  brig  Dol- 
phin (January  1852),  as  previously  (1838),  during  Wilkes's 
exploring  expedition,  nothing  remarkable  was  observed, 
altnough  the  brig  was  ordered  ^  on  account  of  Krusenstem's 
volcano  ^'  to  make  investigations  with  the  lead  between  the 
equator  and  7°  S.  latitude,  and  about  l^S^  to  27^  longitude. 

m.  Africa. 

It  is  stated  by  Captain  Allan  that  the  volcano  Mongo-ma 
Leba  in  the  Cameroon  Mountains  (4°1.2'  N.  lat.),  westward 
of  the  mouth  of  the  river  of  the  same  name  in  the  Bight  of 
Biafra,  and  eastward  of  the  Delta  of  the  Kowara,  or  Niger, 
emitted  an  eniption  of  lava  in  the  year  1838.  The  four 
high  volcanic  islands  of  Annabon,  St.  Thomas,  Isla  do 
Principe,  and  San  Fernando  Po,  which  run  on  a  fissui*e 
in  a  direct  linear  series  from  SS.W.  to  KN.E.,  point  to  the 
Cameroons,  which,  according  to  the  measurements  of  Captain 
Owen  and  Lieutenant  Boteler,  rises  to  the  great  altitude  of 
nearly  13,000  feet."* 

A  volcano  ,(f). a  little  to  the  west  of  the  Snowy  Mountain. 
Kignea  in  Eastern  Africa,  about  1°20'  S.  lat.  was  discovered 
by  the  missionary  Krapf  in  1849,  near  the  source  of  the 
River  Dana,  about  320  geographical  miles  north-west  of  the 
coast  of  Mombas.  In  a  parallel  nearly  two  degrees  more 
southerly  than  the  Kignea  is  situated  another  snowy  moun- 
tain, the  Kilimandjaro,  which  was  discovered  by  the  mis- 
sionary Rebmann  in  1847,  perhaps  scarcely  200  geographical 
miles  from  the;  same  coast.  A  little  to  the  westward  lies  a 
third  snowy  mountain,  the  Doengo  Engai,  seen  by  Captain 

**  Guxnprecht,  Die  vvXkanische  Tkdtigkeit  auf  dem  Festlande  von 
JfriAa,  in  Arahien  und  auf  den  Intdn  det  rothen  MeereSy  1849,  s.  18. 
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Short.     The  knowledge  of  the  existence  of  these  mountains 
is  the  result  of  laborious  and  hazardous  researches. 

Evidences  of  pre-historical  volcanic  action  in  the  great 
continent,  the  interior  of  which  between  the  seventh  degree 
north  and  the  twelfth  degree  south  latitude  (the  parallels  of 
Adaroaua  and  the  Lubalo  Mountain,  which  acts  as  a  water- 
shed,) still  remains  so  unexplored,  are  furnished,  according 
to  Biippell,  by  the  country  surrounding  the  Lake  Tzana,  in 
the  kmgdom  of  Gondar,  as  well  afl  by  the  basaltic  lavas, 
trachytes,  and  obsidian  strata  of  Shoa,  according  to  Eochet 
d'Hericourt,  whose  mineralogical  specimens,  quite  analogous 
to  those  of  Oantal  and  Mont  Dore,  may  h&ve  been  exa- 
mined by  Dufrenoy  {Comptes  rendus,  t.  xxii.  pp.  806 — 810). 
Though  the  conic^  mountain  Xoldghi  in  Cordofan  is  not 
now  seen  either  in  a  burning  or  smoking  state,  yet  it  ap- 
pears that  the  existence  of  a  black,  porous,  and  vitnfied  rock 
has  been  ascertained  there.* 

In  Adamaua,  south  of  the  great  Benue  river,  rise  the 
isolated  mountain-masses  of  Bagele  and  Alantika,  which 
firom  their  conical  and  dome-like  forms  appeared  to  Dr.  Barth, 
on  his  journey  from  Kuka  to  lola,  to  resemble  trachyte 
mountains.  According  to  Petermann*s  notices  from  the  note- 
books of  Overweg,  (of  whose  researches  natural  science  was 
so  early  deprived)  that  traveller  found  in  the  district  of 
Gudsheba,  westward  of  the  lake  of  Tshad,  separate  basaltic 
cones,  rich  in  olivine  and  columnar  in  form,  which  were 
sometimes  intersected  by  layers  of  the  red,  clayey-sandstone, 
and  sometimes  by  those  of  quartzose  granite. 

The  small  number  of  now  ignited  volcanoes  in  the  undi- 
vided continents,  whose  coast-lands  are  sufficiently  known, 
is  a  very  remarkable  phenomenon.  Can  it  be  that  in  the 
\mknown  regions  of  Central  Africa,  especially  south  of  the 
equator,  large  basins  of  water  exist,  analogous  to  Lake 
Uniames  (formerly  called  by  Dr.  Cooley,  N  yassi),  on  whose 
shores  rise  volcanoes,  like  the  Demavend  near  the  Caspian 
Sea  ?  Much  as  the  natives  are  accustomed  to  move  about 
over  the  country,  none  of  them  have  hitherto  brought  us  the 
least  notice  of  any  such  thing ! 

^  Cosmot,  Tol.  1,  p.  244,  note  $•  For  the  whole  of  the  pheDomeDa 
hitherto  known  in  Africa,  see  Landgrebe,  Naturgtichickte  der  VuUccme, 
Bd.  i,  8.  195—219. 
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IV.  Asia. 
a.  The  Western  and  Central  part. 

The  volcano  of  Demavend,"  in  a  state  of  ignition,  but, 
according  to  the  accounts  of  Olivier,  Morier  and  Taylor 
Thomson  (1837),  smoking  only  moderately,  and  not  uninter- 
ruptedly. 

The  volcano  of  Medina  (eruption  of  lava  in  1276). 

The  volcano  of  Djebel  el  Tir  (Tair  or  Tehr),  an  insular 
mountain  895  feet  high,  between  Loheia  and  Massaua  in  the 
Bed  Sea. 

The  volcano  of  Peshan,  northward  of  Kutsche  in  the  great 
mountain-chain  of  the  Thian-schan  or  Celestial  Mountains  in 
Central  Asia ;  eruptions  of  lava  within  the  true  historical 
period,  from  the  year  89  up  to  the  beginning  of  the  seventh 
century  of  our  era. 

The  volcano  of  Ho-cheu,  called  also  sometimes  in  the  very 
circumstantial  Chinese  geograj^es  the  volcano  of  Tur&n  ; 
120  geographical  miles  from  the  great  Solfatara  of  TJrumtsi, 
near  the  eastern  extremity  of  the  Thian-schan,  in  the  direc- 
tion of  the  beautiful  fruit  country  of  Hami. 

The  volcano  of  Demavend,  which  rises  to  a  height  of  up- 

^  The  height  of  Demavend  above  the  sea  was  given  by  Ainsworth 
at  14,695,  but  after  correcting  a  barometrical  result,  probably  attri- 
butable to  an  error  of  the  pen  {Asie  CentrcUe,  t.  iii,  p.  327),  it  amounts, 
accoHing  to  Ottman's  tables  to  fully  18,683  feet.  A  somewhat  greater 
elevation,  20,085  feet,  is  given  by  the  angles  of  altitude  worked  by  my 
friend.  Captain  Lemm,  of  the  Russian  navy,  in  the  year  1839,  and 
which  are  certainly  very  correct,  but  the  distance  is  not  trigonome- 
trically  laid  down,  and  rests  on  the  presumption  that  the  volcano 
of  Demavend  is  66  versts  distant  from  Teheran  (one  equatorial 
degree  being  equal  to  104^  versts).  Hence  it  would  appear  that  tho 
Persian  volcano  of  Demavend,  covered  with  perpetual  snow,  situated  so 
near  the  southern  shore  of  the  Caspian  Sea,  but  distant  600  geogra- 
phical miles  from  the  Cclchian  coast  of  the  Black  Sea,  is  higher  than 
the  great  Ararat  by  about  2989  feet  and  the  Caucasian  Elburuz  by 
probably  1600  feet.  On  the  Demavend,  see  Ritter,  Erdktmde  von 
AgieUf  Bd.  vi,  Abth.  i,  s.  551 — 571,  and  on  the  connection  of  the  name 
Albordj,  taken  from  the  mythic  and  therefore  vague  geography  of  the 
^end-nation,  with  the  modem  name  Elburz  (Eoh  Alburz  of  Kazwini) 
and  Elburuz,  see  ibid.  s.  43—49,  424,  552,  and  555. 
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wards  of  19,000  feet,  lies  nearly  36  geographical  miles  from 
the  southern  shore  of  the  Caspian  Sea,  in  Mazenderan,  add 
almost  at  the  same  distance  from  Besht  and  Asterabad,  on 
the  chain  of  the  Hindu-kho  which  slopes  suddenly  down 
ko  the  west  in  the  direction  of  Herat  and  Meshid.  I  have 
elsewhere  (Asie  Centrales  t.  i,  pp.  124 — 129  ;  t.  iii,  pp.  433— >• 
435)  mentioned  the  probability  that  the  Hindu-kho  of 
Ohitral  and  Ejifiristan  is  a  westerly  continuation  of  the 
mighty  Kuen-liln,  which  bounds  Tibet  towards  the  north 
ahd  intersects  the  Botor  Mountains  in  the  Tsungling.  The 
Demavend  belongs  to  the  Persian  or  Caspian  Elburz,  a  sys- 
tem of  mountains  which  must  not  be  confoimded  with  the 
Caucasian  ridge  of  the  same  name  (now  called  Elburoz),  and 
Vhich  lies  7^°  further  north  and  10°  further  west.  The 
Vord  Elburz  is  a  corhiption  of  Alborj,  or  Mountain  of  the 
Wbrld,  which  is  connected  with  the  ancient  cosmogony  of 
the  Zends. 

While  the  volcano  of  Demavend,  according  to  the  gene- 
rality of  geognostic  views  on  the  direction  of  the  mountain- 
diains  of  Central  Asia,  bounds  the  great  Kuenlun  chain 
near  its  western  extremity,  another  igneous  appearance  at 
its  eastern  extremity,  the  existence  of  which  I  was  the  first 
to  announce  {Aiie  Gentrale,  t.  ii,  pp.  427  and  483),  deserves 
particular  notice.  In  the  course  of  the  important  researches 
which  I  recommended  to  iny  respected  friend  and  colleague 
in  the  Institute,  Stanislas  JulieU}  with  the  view  of  deriving 
information  from  the  rich  geographical  sources  of  old  Chinese 
literature  on  the  subject  of  the  Bolor,  the  Kuen-lun,  and  the 
Sea  of  Stars,  that  intelligent  investigator  discovered  in  the 
great  Dictionary  published  in  the  lieginning  of  the  eighteenth 
century  by  the  Emperor  Yong-ching  a  description  of  the 
"  eternal  flame  ^  which  issues  from  an  opening  in  the  hill 
called  Shin-khien^  on  the  eastern  slope  of  the  Kuen-lun. 
This  luminous  phenomenon,  however  deeply  seated  it  may 
be,  cannot  well  be  termed  a  volcano.  It  appears  to  me 
rather  to  present  an  analogy  with  the  Chimsera  in  Lycia, 
near  Deliktash  and  Yanartash,  which  was  so  early  known 
to  the  Greeks.  This  is  a  stream  of  fire,  an  issue  of  gas  con- 
stantly kindled  by  volcanic  action  in  the  interior  of  the 
earth  (See  page  256,  note  50). 

Arabian  writers  inform  us,  though  for  the  most  part 
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without  quoting  any  precise  year,  that  lava-eruptions  h«ve 
taken  place  during  the  middle  ages  on  the  south-western 
shore  of  Arabia,  in  the  insiQar  chain  of  the  Zobayr,  in  the 
Straits  of  Bab-el-Mandeb  and  Aden  (Wellsted,  Travels  in 
Arabia,  voL  ii,  pp.  4:66 — 468),  in  Hadhramaut,  in  the  Strait 
of  OimuZf  and  at  different  points  in  the  western  portion  of 
the  Persian  Gulf.  These  eruptions  have  always  occurred  on 
a  soil  which  had  already  been  in  pre-historical  times  the  seat 
of  volcanic  action.  The  date  of  the  eruption  of  a  volcano  at 
Medina  itself^  12}°  northward  of  the  Straits  of  Bab-el- 
Mandeb,  was  found  by  Burckhardt  in  Samhudy*s  Chronicle 
of  the  famous  city  of  that  name  in  the  Hedjaz.  It  took 
place  on  the  2nd  (November,  1276.  According  to  Seetzen, 
however,  Abulmahasen  states  that  an  igneous  eruption  had 
occurred  there  in  1254,  which  is  twenty-two  years  earlier 
(see  Cosmos,  vol.  i,  p.  246).  The  volcanic  island  of  Djebel- 
tair,  in  which  Vincent  recognized  the  "  burnt-out  island  "  of 
the  Periplus  Maris  Erythrasi,  is  still  active  and  emits  smoke, 
according  to  Botta  and  the  accounts  collected  by  Ehrenberg 
and  Russegger  (JReisen  in  JEuropa,  Asien  und  Ajfrica,  Bd.  ii, 
Th,  1,  1843,  s.  54).  For  information  respecting  the  entire 
district  of  the  Straits  of  Bab-el-Mandeb,  with  the  basaltic 
island  of  Perim, — the  crater-like  circumvallation,  within 
which  lies  the  town  of  Aden, — ^the  island  of  Seerah  with 
streams  of  obsidian,  covered  with  pumice, — the  island- 
groupes  of  the  Zobayr  and  the  Farsan  (the  volcanic  nature 
of  the  latter  was  discovered  by  Ehrenberg  in  1825)  I  refer 
my  readers  to  the  interesting  researches  of  Bitter  in  his 
JErdkunde  von  Asien,  Bd.  viii,  Abth.  1,  s.  664 — 707,  889 — 
891,  and  1021—1034. 

The  volcanic  mountain-chain  of  the  Thian-schan  {Asie 
Gentrale,  t.  i,  pp.  201 — 203 ;  t.  ii,  pp.  7 — 51),  a  range  which 
intersects  Central  Asia  between  Altai  and  Kuen-lun  from 
east  to  west,  formed  at  one  period  the  particular  object  of 
my  investigations,  so  that  I  have  been  enabled  to  add  to  the 
few  notices  obtained  by  Abel-R^musat  from  the  Japanese 
Encyclopaedia^  some  fragments  of  greater  importance  dis- 
covered by  Klaproth,  Neumann,  and  Stanislas  Julien  (Aste 
Centrale,  t.  ii,  pp.  39—50  and  335—364).  The  length  of 
the  Thian-schan  is  eisht  times  greater  than  that  of  the 
Pyrenees,  if  we  include  the  Asferah  which  is  on  the  other 
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side  of  the  intersected  meiidian-cliaiiL  of  the  Kusyurt-Bolor, 
stretching  westward  as  &r  as  the  meridian  of  Samarcand, 
and  in  which  Ibn  Haukal  and  Ibn-al-Yardi  describe  streams 
of  fire,  and  notices  himinous.(?)  fissures  emitting  sal  am- 
moniac (see  the  account  of  Mount  Botom,  ut  supra).  In 
the  history  of  the  dynasty  of  Thang  it  is  expressly  stated 
that  on  (Hie  of  the  slopes  of  the  Pe-shan,  which  continually 
emits  fire  and  smoke,  the  rocks  burn,  melt  and  flow  to  the 
distance  of  several  It,  like  a  "  stream  of  melted  fat.  The 
soft  mass  hardens  as  it  cools."  It  is  impossible  to  describe 
more  characteristically  the  appearance  of  a  stream  of  lava. 
Moreover,  in.  the  forty-ninth  book  of  the  great  geography  of 
the  Chinese  empire,  wiiich  was  printed  at  Pekin  from  1789 
to  1804  at  the  expense  of  the  state,  the  burning  mountains 
of  the  Thian-schan  are  described  as  "stiU  active.'*  Their 
position  is  very  central,  being  nearly  equi-distant  (1520  geo- 
graphical miles)  from  the  nearest  shore  of  the  Frozen  Ocean 
and  from  the  mouth  of  the  Indus  and  Ganges,  1020  miles 
from  the  Sea  of  Aral,  172  and  208  miles  from  the  salt-lakes 
of  Issik&l  and  Balkasch..  Information  respecting  the  flames 
issuing  from  the  mountain  of  Turfan  (Hotscheu)  has  also 
been  fiimished  by  the  pilgrims  of  Mecca,  who  were  officially 
examined  at  Bombay  in  the  year  1835  (Journal  of  the  Astatic 
Soc,  of  Bengal,  vol.  iv,  1835,  pp.  657 — 664).  When  may  we 
hope  to  see  the  volcanoes  of  Peschan  and  Turfan,  Barkul  and 
Hami  explored  by  some  scientific  traveller,  by  way  of 
Gouldja  on  the  Hi,  which  may  be  easily  reached. 

The  better  knowledge  now  possessed  of  the  position  of  the 
volcanic  mountain  chain  of  the  Thian-schan  has  very  naturally 
given  rise  to  the  question  whether  the  fabulous  territory  of 
Qog  and  Magog  where  "  eternal  Are  "  is  said  to  bum  at  the 
bottom  of  the  River  El  Macher,  is  not  vol  some  way  con- 
nected with  the  eruptions  of  the  Peschan  or  the  volcano  of 
Turfan.  This  oriental  myth,  which  had  its  origin  westward 
of  the  Caspian  Sea,  in  the  Pylis  Albanics  near  Derbend,  has 
travelled,  like  all  other  myths,  far  towards  the  East.  Edrisi 
gives  an  account  of  the  journeying  of  one  Salam  el  Terdje- 
man,  the  dragoman  of  one  of  the  Abbasside4)halif»,  in  the 
first  half  of  the  ninth  century,  from  Bagdad  to  the  Land  of 
Darkness.  He  proceeded  through  the  steppe  of  Baschkir  to 
the  snowy-mountain  of  Cocaia,  which  is  surrounded  by  the 
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great  wall  of  Magog  (Madjoudj).  ^Am^^e  Jaubert,  to  whom 

we  are  indebted  .for  importaatsappiemeots. to  the  ^Nubian 

.geographers,  has  shown  that  the  ifires  whicii  bum  Dnlthe 

slope  of  the  .Cooaia  ha\^e  nothnifg  'irolcanic  in  thedr.aiatiiFe 

.{Asie  (Jenirale,  t.  ii,  p.  ^9).     E'dnffl  places  ihe  Lake -of  51b- 

hama  further  to  the  south.     I  think  I  have  said  enough  fto 

^fiho-w  the  probability  of  the  Tehama  ^being  identical 'mfchithe 

great  Lake  of  Balkasch,  into  which  the  jQi  .'flows,  and  'vsAneh 

.is  onlj  180  miles  further  south.     A  cmtnry  imd  .a  hakfilater 

than  Edrisi,  Marco  Polo  placed  <the  wall  of  liiagog  amon^ 

the  mountains  of  In-sclmn,  to  theeastof  the  elevated  plain. of 

Grobi,  in  the  direction  of  the  River  Hoang4io  and  the  Chinese 

wall,  respecting  which,  singularly  enough,  the  fsbnous  Tene- 

tian  traveller  is  as  silent  as  Ihe  is  on  the  subject  of  the  use  of 

•tea.   The  In-«han,  the  limit  of  the  tendtory  of  Prester  John, 

-may  be  regarded  as  the  eastern  prolongation  of  the  5Qiian- 

achan  {Asie  'Centrales  t.  ii,  pp.  92— 104). 

.    TThe  two  conical  volcanic  mounrtiains,  the  Betsdum.  amd 

Hotshen  of  Turfan,  which  formerly  emitted  lava,  and  which 

are  separated  from  each  other  at  a  distance  of  about  420 

geographical  miles  by  the  gigantic  block  of  mountains  called 

the  Bogdo^Oola,  crowned  with  eternal  snow  and  ice,  have 

long  been  erroneously  considered  an  isolated  volcanic  .group. 

Idihink  I  have  shown  that  the  volcanic  action  noi^. and 

isouth  of  the  long  chain  of  the  Thian^schan  here,  as  well  as 

in  the  Caucasus,  stands  in  close  geognostic  connection  with 

the  limits  of  the  circle  of  terrestrial  commotion,  the  hot- 

cprings,  the  solfataiAS,  the  sal-ammoniacal  fissures  and  beds 

of  rock-{)alt. 

According  to  the  view  I  have  already  frequently  ex- 
pressed, and  in  whioh  the  writer  most  profoundly  acquainted 
^th  the  Caucasian  mountain  :system  (Abich)  now  coin* 
cides,  the  Caucasus  itself  is  only  a  continuation  of  the  ridge 
of  the  volcanic  Thian-schan  and  Asferah  on  the  other  side 
of  the  great  Aralo-Caspian  depression.*'  This  is  therefore 
the  place,  in  connection  with  the  phenomena  of  the  Thian- 
shan,  to  cite  as  belonging  to  pre^historical  periods  the  four 
extinct  volcanoes  of  Mburuz,  18,4d4  feet  in  height,  Ararat 
17,112  feet,  Kasbegk  16,532  feet,  and  Savalan  15,760  feet 

^"^  Ane  Centrale,  t.  ii,   pp.  9,   and  54—58.      See  also  pa«ge  20S, 
note  ftl,  joi  .the  present  Tolume. 
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Jugh.*"  In  point  of  height  these  mountains  stand  between 
Cotopaxi  and  Mont  Blano.  The  Great  Ararat  (Agri-da^)> 
itsoended  for  the  £rst  time  on  the  27th  September^  1829,  hy 
JEmedrioh  von  Parrot,  several  times  during  1844  and  1845 
hy  Abich,  and  lastly  in  1850  hy  Colonel  Obodzko,  is  dome- 
.shaped,  like  Ohimborazo,  with  two  extremely  small  eleva- 
.tions  on  the  border  of  the  summit,  but  without  any  crater 
at  the  apex.  The  most  extensive  and  probably  the  latest 
pce-hiatorical  lava-eruptions  of  Ararat  have  all  issued  below 
the  limit  of  perpetual  snow.  The  nature  of  these  eru{]itions 
is  two^fold  J  they  are  sometimes  tracfaytic  with  glassy  leld- 
ifipar,  interspersed  with  pyrites  which  readily  weather,  and 
sometimes  doleritic,  composed  of  labradorite  and  augite,  like 
the  lavas  of  Etna.  The  doleritic  lavas  of  Ararat  are  con- 
sidered  by  Abich  to  be  more  recent  than  the  trachytic.  The 
points  of  emission  of  the  lava-streams,  which  are  all  beneath 
the  limit  of  perpetual  snow,  are  frequently  indicated  (as,  for 
example,  in  the  extensive  grassy  plain  of  Kip-ghioll,  on  the 
north-western  slope)  by  eruptive  cones  and  by  small  craters 
encircled  by  scorise.  Although  the  deep  valley  of  St.  James 
which  extends  to  the  v^  ^uinmit  of  Ararat,  and  gives  a 
peculiar  diaract^  to  its  form,  even  when  seen  at  a  distance, 
Bxhibits  much  resemblance  to  the  Yal  del  Bove  on  Etna,  and 
idiiEplays  the  internal  structure  of  the  Dome,  yet  there  is  this 
Btnking  difference  between  them,  that  in  the  valley  of  St. 
Janves  massive  trachytic  rock  alone  is  found,  and  no  streams  of 
lava,  beds  of  scoriie  or  rapillL'*  The  Great  and  Little  Ararat, 
the  first  of  which  is  shown  by  the  geodetic  labours  of  Wasili 
IWdorow,  to  be  3'4''  more  northerly  and  6'42''  more  westerly 
t^n  the  other,  rise  ou  the  southern  edge  of  the  great  plain 

M  Elbunu,  Kasbegk,  and  Amrat^  according  to  oommunicatiom 
from  StruvQ,  Asie  Centrale,  t.  ii,  p.  57.  The  height  of  the  extinct 
volcano  of  Savalan,  westward  of  Ardebil,  as  given  in  the  text  is 
founded  on  a  measurement  of  Chanykow.  See  Abich  in  the  Milanget 
JPhyt.  et  Ckim,  t.  ii,  p.  361.  To  save  tedious  repetition  in  the  citation 
of  the  sources  on  which  I  have  drawn,  I  would  here  explain  that 
eveiything  in  the  geological  section  of  Ootmos,  relating  to  the  impor* 
taut  Caucasian  isthmus,  is  borrowed  from  manuscript  essays  of  the 
years  1852  and  1855  communicated  to  me  by  Abich  in  the  kindest 
and  friendliest  manner  for  my  unrestricted  use. 

**  Abit^h,  NoHee  ExplicaHve  cTimc  Vne  de  rAnsrat,  in  the  SuUeHn  d§ 
la  Soe.  de  G^offraphie  dt  France,  4^me  sdrie,  t.  i,  p.  516. 
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through  "which  the  Araxes  flows  in  a  large  bend.  They  both 
stand  on  an  elliptic  volcanic  plateau,  whose  major  axis  runs 
south-east  and  north-west.  The  Kasbegk  and  the  Tshegem 
have  likewise  no  summit  crater,  although  the  former  has 
thrown  out  vast  eruptions  towards  the  north,  in  the  direc- 
tion of  Wladikaukas.  The  greatest  of  all  these  extinct  vol- 
canoes, the  trachytic  cone  of  the  Elburuz,  which  has  risen 
out  of  the  talc  and  dioritic  schistous  mountains,  rich  in 
granite,  of  the  valley  of  the  Hiver  Backsan,  has  a  crater-lake. 
Similar  crater-lakes  occur  in  the  rusjged  highlands  of  Kely, 
from  which  streams  of  lava  flow  out  between  eruption-cones. 
Moreover,  the  basalts  are  here,  as  well  as  in  the  Cordilleras 
of  Quito,  widely  separated  from  the  trachyte-system ;  they 
commence  from  twenty-four  to  thirty-two  miles  south  of  the 
chain  of  the  Elburuz,  and  of  the  Tschegem  on  the  Upper 
Phasis  or  Khion  valley. 

/3  .  The  north-eastern  portion  (the  Peninsula  of 

Kamtschatha). 

The  peninsula  of  Elamtschatka,  from  Cape  Lopatka, 
which,  according  to  Krusenstem  is  in  lat.  51°3',  as  £ax  north 
as  to  Cape  XJkinsk,  belongs,  in  common  with  the  island  of 
Java,  Chili  and  Central  America,  to  those  regions  in  which 
the  greatest  number  of  volcanoes,  and,  it  nrny  be  added,  of 
St Jl  active  volcanoes,  are  compressed  within  a  very  small 
area.  Fourteen  of  these  are  reckoned  in  Kamtscjiatka 
within  a  range  of  420  geographical  miles.  In  Central  Ame- 
rica I  find  in  a  space  of  680'  mlles^  from  the  volcano  of 
Coconusco  to  Turrialva  in  Costa  EJica,  twenty-nine  volcanoes, 
eighteen  of  which  are  still  burning ;  in  Peru  and  Bolivia, 
over  a  space  of  420  miles,  from  the  volcano  Chacani  to 
that  of  San  Pedro  de  Atacama,  fourteen  volcanoes,  of  which 
only  three  are  at  present  active,  and  in  Chili,  over  a  space 
of  960  miles,  from  the  volcano  of  Coquimbo  to  that  of  San 
Clemente,  twenty-four  volcanoes.  Of  the  latter,  thirteen  are 
known  to  have  been  active  within  the  periods  of  time  em- 
braced in  historical  records 

Our  acquaintance  with  the  Kamtschatkan  volcanoes,  in 
respect  to  their  form,  the  astronomical  determination  of  their 
position  and  their  height,  has  been  vastly  extended  in  recent 
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times  by  Krusenstem^  Homer,  HofioQiaim,  Lenz,  Liitke, 
Postels,  Captain  Beechey,  and  above  all  by  Adolph  Erman. 
The  peninsula  is  intersected  lengthwise  by  two  parallel 
mountain  chains,  in  the  most  easterly  of  which  the  volcanoes 
are  accumulated.  The  loftiest  of  these  attain  a  height  of 
from  11,190  to  15,773  feet.  They  lie  in  the  following  order 
from  south  to  north  : 

The  Opalinskian  volcano  (the  Pic  Koscheleff  of  Admiral 
Krusenstem^  lat.  51°  21'.  According  to  Captain  Chwoptow, 
this  mountain  rises  to  the  height  of  the  Peak  of  Teneride, 
and  was  extremely  active  at  the  close  of  the  18th  centuiy. 

The  Hodutka  Sopka  (51°  35').  Between  ihis  and  the  one 
just  noticed,  there  lies  an  unnamed  volcanic  cone  (51°  32'), 
which,  however,  according  to  Postels,  seems,  like  the  Ho- 
dutka, to  be  extinct. 

Poworotnaja  Sopka  {52°  22'),  according  to  Captain 
Beechey,  7930  feet  high  (Erman's  Beise,  t.  iii,  p.  253; 
Leop.  von  Buch,  lies  Can,  p.  447). 

Assatschinskaja  Sopka  (52°  2') ;  great  discharges  of  ashes, 
particularly  in  the  year  1828. 

The  Wiljutschinsker  volcano  (52°  62')  ;  according  to 
Captain  Beechey  7373  feet,  according  to  Admiral  Liitke 
6744  feet  high.  Distant  only  20  geographical  miles  from 
the  harbour  of  Petropolowski  on  the  north  side  of  the  Bay 
of  Torinsk. 

Awatschinskaja  or  Gorelaja  Sopka  (53°  17'),  according  to 
Erman,  8910  feet  high ;  first  ascended  during  the  expedition 
of  La  P^rouse  in  1787  by  Mongez  andBemizet ;  afterwards 
by  my  dear  friend  and  Siberian  fellow-traveller,  Ernst  Hof- 
mann  (in  July,  1824,  during  the  cii*cumnavigation  of  the 
globe  by  Kotzebue ;  by  Postels  and  Lenz  during  the  ex- 
pedition of  Admiral  Liitke  in  1828,  and  by  Erman  in 
September  1829.  The  latter  made*  the  important  geog- 
nostic  observation  that  the  upheaving  trachyte  had  pierced 
through  slate  and  grey-wacke  (a  silurian  rock).  The  still 
smoking  volcano  had  a  terrific  eruption  in  October  1837, 
there  having  previously  been  a  slight  one  in  April,  1828 
(Postels  in  Liitke,  Voyage,  t.  Bd.  s,  67 — 84 ;  Erman,  Reise, 
Hut  Bericht,  Bd.  iii,  s.  494  and  534—540). 

In  the  immediate  neighbourhood  of  the  Awat-scha-vol- 
cano  (see  page  248)  lies  the  Koriatskaja  or  Strjeloschnaja 
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Sopka  (lat.  53""  190»  11»210  feet  high,  aooording  to  Liitke, 
t.  iii,  p.  84.  This  mouBtaiii  is  rich  in  obsidian,  which  the 
Kamtschatkans  so  h,ie  as  the  last  centuiy  made  into  airo^- 
headsy  as  the  Mexicans  and  the  ancient  Greeks  used  to  do. 

Jupanowa  Sopka,  lat.  aoccHxling  to  Ennan's  calculation 
^lieise,  Bd.  iij,  s.  469)  53°  32'.  The  summit  is  pretty  flat, 
and  the  traveller  just  mentioned  expresfcilj  states  "  that  this 
Sopka,  on  account  of  the  smoke  it  emits,  and  its  perceptible 
subterranean  rumbling,  is  always  compared  to  the  mighty 
Schiwelutsch,  and  reckoned  among  the  undoubted  igneous 
mountains.^*  Its  height,  as  measured  hy  Liitke  from  the 
«ea,  is  9055  feet. 

Kronotskaja  Sopka,  10,609  fidet,  at  the  kke  of  the  same 
name,  lat.  54°  8' ;  a  smoking  crater  on  the  summit  of  the 
very  sharp-pointed  conical  mountain  (Liitke,  V(^a^e,  t.  iii, 
p.  85). 

13ie  volcano  Schiwelutsch,  20  miles  south-east  of  Jelbwka, 
respecting  which  we  possess  an  tidmirable  work  by  Erman 
{Eeise,  Bd.  iii,  s.  261—317,  fittidP%.  Beob.,  Bd.  i,  s.  400 
— 403)  previous  to  whose  journey  the  mountain  was  almost 
unknown.  Northern  peak,  lat.  56'^  40',  height  10,544  feet ; 
southern  peak,  lat.  dQ""  39',  hei^t  8793  feet.  When  Erman 
ascended  the  Schiwelutsch  in  September,  1829,  he  found  it 
amoking  vehemently*  Great  eruptions  took  place  in  1739, 
and  between  1790  and  1810  ;  the  latter  consisting,  not  of 
flowing,  melted  lava,  but  of  ejections  Of  loose  volcanic  stones. 
€.  von  Dittmar  relates  that  the  northern  peak  fell  in  during 
the  night  fix>m  the  17th  to  18th  February  1854.  At  that 
tiuLe  an  eruption  which  stiU  continues  took  plaoe>  aoeom- 
panied  by  genuine  streams  of  lava. 

Tolbatschinskaja  Sopka ;  smokikig  violently,  but  in  eatlier 
times  frequently  changing  the  opmiings  through  which  it 
ejected  its  ashes.  Aoconling  to  Erman,  lat.  55°  5V  and 
height  8313  feet. 

Uschinskaja  Sopka ;  closely  connected  with  the  Kliuts- 
Chewsker  volcano ;  lat.  56°  0',  height  11,723  feet  (Buch,  (Jan. 
p.  452  ;  Landgrebe,  Volkane,  vol.  i,  p.  375). 

Kliutschewskaja  Sopka  (56°  4') :  the  highest  and  most  ac- 
tive of  all  the  volcanoes  of  the  peninsula  of  Kamtpchatka ; 
thoroughly  examined  by  Erman,  both  geologically  and  hyp- 
sometrically.      According  to  Kraschenikoff's   report,    the 
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Kliut8ch.6W8k  had  great  igneous  eruptioQS  from  1727  to 
1731,  a^  also  in  1767  and  1795.    On  the  11th  of  September 
1829,  iE^rman  performed  the  hazardous  feat  of  ascending  the 
volcano,  and  was  (^n  eje-witness  of  the  ejection  of  red-hot 
stones,  ashes,  and  yapour  from  the  summit,  while  at  a  gi^eat 
distance  below  it  an  immense  stream  of  lava  flowed  Ixom 
a  fissure  on  the  western  declivity.     Here  also  the  lava  is  rich 
in  obsidian.     According  to  Erman  {Beoh,,  vol.  i,  pp.  400 — 
403  and  419)  the  geographical  latitude  of  the  volcano  is  56°4^, 
and  its  height  in  September  1829  was,  on  a  very  accurate 
calculation,  15,763  feet.    In  August  1828,  on  the  other  hand, 
^dmiral  LUtke,  on  talking  angles  of  altitude  at  sea,  at  a 
distance  of  160  knots  (40  nautical  miles)  found  the  summit 
of    Kliutschewsk  16,498  feet  high  {Voyage,  t.  iii,  p.  86 ; 
Landgrebe,   Vulkeme,  Bd.  i,  s,  375—386).     This  measure- 
ment, and  a  comparison,  of  the  admirable  outline  drawings 
of  Baron  von  Kittlitz,  who  accompanied  LUtke's  expedition 
on  board  the  Seniawin^  wjgbh.  what  Erman  himself  observed, 
in  September  1829,  led  the  latter  to  the  conclusion  that,  in 
this  short  period  of  thirteen  months,  great  changes  had  taken 
place  in  the  form  and  height  of  the  summit.     ''I  am  of 
opinion,"  says  Erman  {Beise,  vol.  iii,  p.  359),  "that  we  can 
scarcely  be  wrong  in  assuming  the  height  of  the  summit  in 
August  1828,  to  have  been  266  feet  more  than  in  September 
1829,  duriag  my  stay  in  the  neighbourhood  of  Kliutschi, 
and  that  therefore  its  height  at  the  former  of  these  periods 
must  have  been  16,029  feet."    In  the  case  of  Vesuvius  I 
found,  by  my  own    calculations  (founded    on    Saussi|re's 
barometrical  measurement  in  1773),  of  the  Rocca  del  il^alo, 
the  highest  northern  margin  of  the  crater,  that  up  to  the 
year  1805,  that  is  to  say,  in  the  course  of  thirty-two  years, 
this  northern  margin,  of  the  crater  had  sunk  35^  feet,  while 
from  1773  to  1822,  or  forty-nine  years,  it  had  risen  (appa- 
rently) 102  feet  {Views  of  Nature,  1850,  pp.  376—378).     In 
the  year  1822,  Monticelli  and  Covelli  calculated  the  Rocca 
del  Palo  at  3990  feet,  and  I  at  4022  feet ;  I  then  gave 
3996  as  the  most  probable  result  for  that  period.     In  the 
spring  of  1855,  thirty-three  years  later,  the  delicate  baro- 
metrical measurements  of  the  Olmutz  astronomer,  Jidius 
Schmidt,  again  brought  out  3990  feet  {Neue  Bestimm.  am 
Veswo.  1856,  s.  i,  16  and  33).    It  would  be  curious  to 


366'  COSMO?, 

know  how  much  should  here  be  attributed  to  imperfec- 
tion of  measurement  and  barometrical  formula.  Investiga- 
tions of  this  kind  might  be  multiplied  on  a  larger  scale 
and  with  greater  certainty  if,  instead  of  often  repeated  com- 
plete trigonometrical  operations  or,  in  the  case  of  acces- 
sible summits,  the  more  practicable,  though  less  satisfactory 
barometrical  measurements,  operators  would  confine  them- 
selves to  determining,  even  to  fractions  of  seconds,  at  com- 
parative periods  of  twenty-five  or  fifty  years,  the  simple 
angle  of  altitude  of  the  margin  of  the  summit,  from  the 
same  point  of  observation,  and  one  which  could  with  cer- 
tainty be  found  again.  On  account  of  the  influence  of 
terrestrial  refraction,  I  would  recommend  that,  in  each  of 
the  normal  epochs,  the  mean  result  of  three  days'  observa- 
tions at  different  hours  should  be  taken.  In  order  to  obtain, 
npt  only  the  general  result  of  the  increase  or  diminution  of 
the  angle,  but  also  the  absolute  amount  of  the  change  in 
feet,  the  distance  would  require  to  be  determined  previously 
only  once  for  all.  What  a  rich  source  of  knowledge  relative 
to  the  twenty  volcanic  Colossi  of  the  Cordilleras  of  Quito, 
would  not  the  angles  of  altitude,  determined  for  more  than  a 
century  by  the  labours  of  Bougaer  and  La  Condamine  have 
provided,  had  those  travellers  accurately  designated  as  fixed 
and  permanent  points  the  stations  whence  they  measured 
the  angles  of  altitude  of  the  summits.  According  to 
C.  von  Dittmar  the  EJiutschewsk  was  entirely  quiescent 
since  the  eruption  of  1841  imtil  the  lava  burst  forth  again 
in  1853.  The  falling  in,  however,  of  the  summit  of  the 
Schiwelutsch  interrupted  the  new  action  (Bulletin  de  la 
Clause  FhysicO'Maihem,  de  VAcad,  des  Sc.  de  St,  Fetershonrg^ 
t.  xiv,  1856,  p.  246). 

Four  more  volcanoes,  mentioned  in  part  by  Admiral 
Liitke,  and  in  part  by  Postels,  namely  the  Apalsk,  still 
smoking,  to  the  south-east  of  the  village  of  Bolscheretski, 
the  ScMschapinskaja  Sopka  (lat.  55°  11'),  the  cone  of  Kres- 
towsk  (lat.  5Q>^  4'),  near  the  Kliutschewsk  group,  and  the 
Usohkowsk,  I  have  not  cited  in  the  foregoing  series  from 
want  of  more  exact  specification.  The  central  mountain- 
range  of  Kamtschatka,  especially  in  the  plain  of  Baidaren, 
lat.  57°  20',  eastward  of  Sedanka,  presents  (as  if  it  had  been 
'^  the  field  of  an  ancient  ci-ater  of  about  four  wersts,  that  is 
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to  say,  the  same  number  of  kilometres,  in  diameter"),  the 
remarkable  geological  phenomenon  of  effusions  of  lava  and 
Bcoriffi  from  a  bUstery  and  often  brick-coloured  volcanic 
rock,  which  in  its  turn  has  penetrated  through  fissures  in  the 
earth,  at  the  greatest  possible  distance  from  any  frame- 
work of  raised  cones  (£rman,  Beise,  Bd.  iii,  s.  221,  228 
and  273 ;  Buch,  lies  GanaiHes  p.  454).  The  analogy  is  here 
very  striking  with  what  I  have  already  circumstantially 
explained  regarding  the  Malpays,  the  problematic  fields  of 
debris  in  the  elevated  plain  of  Mexico  (see  page  315). 

'  ^     V.  Islands  op  Eastebn  Asia. 

From  Torres  Strait,  which,  in  the  10th  degree  of  southern 
latitude,  separates  New-Guinea  and  Australia,  and  from 
the  smoking  volcano  of  Flores  to  the  most  northern  of  the 
Aleutian  Isles  (lat.  55^)  there  is  a  multitude  of  islands, 
for  the  most  part  volcanic,  which,  considered  in  a  general 
geological  point  of  view,  it  would  be  somewhat  difficult,  on 
account  of  their  genetic  connection,  to  divide  into  separate 
groups,  and  which  increase  considerably  in  circumference 
towards  the  south.  Beginning  at  the  north  we  first  observe 
that  the  curved  series^  of  the  Aleutians,  issuing  from  the 
Ajnerican  peninsula  of  Alaska,  connect  the  old  and  the  new 
continents  together  by  means  of  the  island  Attn,  near 
Copper  Island  and  Behring's  Island,  while  to  the  south  they 
close  in  the  waters  of  Behring's  Sea.  From  Cape  Lopatka, 
at  the  southern  eirtremity  of  the  peninsula  of  Kamtschatka, 
we  find  succeeding  each  other  in  the  directicn  from  north  to 
south  first,  the  Archipelago  of  the  Kuriles,  bounding  on  the 
east  the  Saghalien  or  Ochotsk  Sea,  rendered  famous  by  La 
P^rouse,  next  Jesso,  probably  in  former  times  connected 
with  the  island  of  Krafto'^  (Saghalin,  or  Tschoka),  and 

®  See  Dana's  remarks  on  the  curvatures  of  ranges  of  islands,  whose 
convexity  in  the  South  Sea  is  almost  always  directed  towards  the 
south  or  south-east,  in  the  United  StcUes*  ExpUr.  £xped.  by  Wilkes, 
vol.  X  {Geology  by  James  Dana),  1849,  p.  419. 

^^  The  island  of  Saghalin,  Tschoka,  or  Tarakai,  is  called  by  the  Ja- 
panese mariners  Eraffco  (written  Earafuto).  It  lies  opposite  the  mouth 
of  the  Amoor  (the  Black  River,  Saghalian  Ula),  and  is  inhabited  by  the 
Ainos,  a  race  mild  in  disposition,  dark  in  colour,  and  sometimes  ittther 
hairy.     Admiral  Krusenstem  was  of  opinion,  as  were  also  previously 
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lastly  the  tri-insnlar  empite  uf  Japen^  acronp  ih»  nsnow 
Strait  of  Saugar  (Mphon,  Sitkok  and  Kia-Siu,  aceording'  to*^ 
Siebo1d*s  admirable  map,  betweeiL  41°  32'  and  30""  Id ).  Fromi 
the  Tolcano  of  Kliutschewak,  the  northemmost  on  the  east^ 
coast  of  the  peninsula  of  Kamtechatka,  to  the  most  southern* 
Japanese  volcano-island  of  Taoega-Sima,  in  the  Yan  Die* 
men's  Channel,  explored  by  Krusenstem,  the  direction  of 
the  igneous  action  as  indicated  in  the  numerous  rents  of  the 
earth  s  crust,  is  precisely  from  north-east  to  south-west.  l%e^ 
range  is  carried  on  by  the  island  of  Jakuno-Slma,  on  which- 
a  conical  mountain  rises  to  the  height  of  5838  feet  (1780 
metres),  and  which  separates  the  two  straits  of  Van  Die- 
men  and  Colnet, — by  the  Linschote  Archipelago  of  Siebold, 
— ^by  Captain  Basil  Hall's  sulphur  island,  Limg-Huang- 
Schan,  and  by  the  small  group  of  the  Loo-choo  and  Majico- 
sima,  which  latter  approaches  within  a  distance  of  92. 
geographical  miles  the  eastern  margin  of  the  great  island  of 
the  Chinese  coasts,  !E^ormosa  or  Tay-wan* 

the  companionfl  of  La  P^rouse  (1797)  add  Broughton  (1797)^  tUai 
Saghalin  was  connected  with  the  Asiatic  continent  by  a  narrow^  sandy 
isthmus  (iat.  62**  50 ;  but  from  the  important  Japanese  notices  com* 
municated  by  Franz  von  Siebold,  it  appears  that,  according  to  a  chart 
drawn  up  in  the  year  1808,  by  Mamia  Rinsd,  the  chief  of  an  Imperial 
Japanese  commission,  Kraffco  is  not  a  peninsula,  but  an  island  sur- 
rounded  on  all  sides  by  the  sea  (Ritter,  Erdhum.de  von  Aden,  vol.  ii, 
p.  488).  The  conclusion  of  Mamia  RinB6  has  been  very  recently  com- 
pletely verified,  as  mentioned  by  Siebold,  when  the  Russian  fleet  lay- 
at  anchor  in  the  year  1855,  in  the  Bale  de  Castries  (Iat.  51^  29')  near. 
Alexandrowsk,  and  consequently  to  the  south  of  the  conjectured 
isthmus,  and  yet  was  able  to  retire  into  the  mouth  of  the  Amoor  (Iat. 
52°  24').  In  the  narrow  channel  in  which  the  isthmus  was  formeriy 
supposed  to  be,  there  were  in  some  places  only  5  fathoms  water.  The 
island  is  beginning  to  acquire  some  political  importance  on  account  of 
the  proximity  of  the  great  stream  of  Amoor  or  Saghalin.  Its  ^ame, 
pronounced  Karafto  or  Krafbo,  is  a  contraction  of  Eara-fu-to,  which 
signifies,  according  to  Siebold,  "  the  island  bordering  on  Kara.'*  In 
the  Japano-Chinese  language  Kara  denotes  the  most  northerly  part  of 
China  (Tartary),  and  fu,  according  to  the  learned  writer  just  men- 
tioned, signifies  "  lying  close  by."  Tsehoka  is  a  corruption  of  Tsyokai, 
and  Tarakai  originates  from  a  mistake  in  the  name  of  a  single  village 
called  Taraika.  According  to  Elaproth  {Ana  PolygloUa,  p.  801), 
Taraikai,  or  Tarakai,  is  the  native  Aino  name  of  the  whole  islancL 
Compare  Leopold  Sohrenk's  and  Captain  Bernard  Wittingluun's  re^ 
marks  in  Petermann*s  Geogr,  MittheUungen,.  1856,  a.  176  aadl84.  Sea 
also  Perry,  Escaped,  to  Japaaif  voU  i,  p.  468, 
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Hero  at  Formosa  (K  lai.  SS''— 26*")  is  the  important 
point  where,  instead  of  the  lines  of  elevation  from  N.E. 
to  S.W.  those  in  the  direction  from  north  to  south  com- 
mence, and  continue  nearly  as  far  as  the  parallel  of  5°  or  6^ 
ci  southern  latituda  They  are  recognizable  in  Formosa 
and  in  the  Philippines  (Luzon  and  Mindanao)  over  a  space 
of  fully  twenty  degrees  of  latitude,  intersecting  the  coasts, 
sometimes  on  one  side  and  sometimes  on  both,  in  the  direc- 
tion of  the  meridian.  They  are  likewise  visible  on  the  east 
coast  of  the  great  island  of  Borneo,  which  is  connected  by 
the  So-lo  Archipelago  with  MindaDao,  and  by  the  long 
narrow  island  of  Palawan  with  Mindoro.  So  also  in  the 
western  portions  of  the  Celebes,  with  their  varied  outline, 
and  Gilolo,  and  lastly  (which  is  especially  remarkable)  in 
the  longitudinal  fissures  on  which,  at  a  distance  of  1400 
geographical  miles  eastward  of  the  group  of  the  Philippines 
and  in  the  same  latitude,  the  range  of  volcanic  and  coral 
islands  of  Marian  or  the  Ladrones  have  been  upheaved. 
Their  general  direction^  is  north  and  10°  east. 

Having  pointed  out  in  the  parallel  of  the  carboniferous 
island  of  Formosa,  the  turning  point  at  which  the  direction 
of  the  Kuriles  from  N.E.  to  S.W.  is  changed  to  that  from 
north  to  south,  I  must  now  observe  that  a  new  system  of 
fissures  commences  to  the  south  of  Celebes  and  the  south 
coasts  of  Borneo,  which,  as  we  have  already  seen,  is  cut 
from  east  to  west.  The  greater  and  lesser  Sunda  islands, 
from  Timoi>lant  to  West-Bali,  follow  chiefly  for  the  space 
of  18°  of  longitude,  the  mean  paraUel  of  8°  south  lati- 
tude. At  the  western  extremity  of  Java  the  mean  axis 
runs  somewhat  more  towards  the  north,  nearly  KS.K  and 
W.N.W.,  while  from  the  Strait  of  Sunda  to  the  southern- 
most  of  the  Nicobar  Isles  the  direction  is  from  S.£.  to  ' 

N.W.     The  whole  volcanic  fissure  of  elevation  (R  to  W.  ! 

and  S.E.  to  N.W.),  has  consequently  an  extent  of  about 
2700  geographical  miles,  or  eleven  times  the  length  of  the 


®  Dana,  Geology  of  (he  Pacific  Ocean,  p.  16.  Corresponding  with 
the  meridian  lines  of  the  south-east  Asiatic  island-world,  the  shores 
of  Cochin-China  from  the  gulph  of  Tonquin,  those  of  Malacca  from 
the  gulph  of  Siam,  and  even  those  of  New  Holland  south  of  the  25th 
degree  of  lat.,  are  for  the  most  part  cut  off  as  it  were  in  the  direction 
from  north  to  south. 
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Pyrenees.  Of  this  space,  if  we  disregard  the  slight  devia- 
tion towards  the  north  in  Java,  1620  miles  belong  to  the 
east  and  west  direction,  and  1080  to  the  south-east  and 
north-west. 

Thus  do  general  geological  considerations  on  form  and 
range  lead  uninterruptedly  in  the  island-world  on  the 
east  coast  of  Asia  (over  the  immense  space  of  68°  of 
latitude)  from  the  Aleutian  Isles  and  Behring's  Sea  to  the 
Moluccas  and  the  Great  and  Little  Sunda  lies.  The  greatest 
variety  in  the  configuration  of  the  land  is  met  with  in  the 
parallel-zone  of  5°  north  and  lO*'  south  latitude.  It  is  very 
remarkable  how  generally  the  line  of  eruption  in  the  larger 
portions  is  repeated  in  a  neighboring  smaller  portion.  Thus 
a  long  range  of  islands  lies  near  the  south  coast  of  Sumatra 
and  parallel  to  it.  We  find  the  same  appearances  in  the 
smaller  phenomena  of  the  mineral  veins  as  in  the  greater 
ones  of  the  mountain  ranges  of  whole  continents.  Accom- 
panying debris  running  by  the  side  of  the  principal  vein, 
and  secondary  chains  {chatnes  aceompagnantes)  lie  frequently 
at  considerable  distances  from  each  other.  They  indicate 
similar  causes  and  similar  tendencies  of  the  formative  action 
in  the  folding  in  of  the  crust  of  the  earth.  The  conflict  of 
powers  in  the  contemporaneous  openings  of  fissures  in  op- 
posite directioDs  appears  sometimes  to  occasion  strange 
formations  in  juxtaposition,  as  may  be  seen  in  the  Molucca 
Islands,  Celebes,  and  KUolo. 

After  developing  the  internal  geological  connection  of  the 
East  and  South  A  siatic  insular  system,  in  order  not  to  deviate 
from  the  long-adopted,  though  somewhat  arbitrary,  geo- 
graphical divisions  and  nomenclature,  ve  place  the  southern 
limit  of  the  Eastern  Asiatic  insular  range  (the  turning  point) 
at  Formosa,  where  the  line  of  direction  runs  off  from  the 
JS^.E.— S.W.  to  the  N.— S.,  in  the  24th  ^degree  of  north 
latitude.  The  enumeration  proceeds  again  from  north  to 
south,  beginning  with  the  eastern,  and  more  American, 
Aleutian  Islands. 

The  Aleutian  Isles,  which  abound  in  volcanoes,  include,  in 
the  direction  from  east  to  west,  the  Fox  Islands,  among 
which  are  the  largest  of  all,  XJnimak,  XJnalaschka,  and 
Umnak; — the  Andrejanowsk  Isles,  of  which  the  most 
famous  are  Atcha,  with  three  smoking  volcanoes,  and  the 


TRUE  VOLCANOES.  371 

great  Tolcano  of  Tauaga,  already  delineated  bj  Saner ; — 
the  Rat  Islands^  and  the  somewhat  distant  islands  of  Blynia^ 
among  which,  as  has  been  already  observed,  Attn  forms  the 
connecting  link  to  the  Commander  gronp  (Copper  and 
Behring's  Isles)  near  Asia.  There  seems  no  ground  for  the 
often-repeated  conjecture  that  the  range  of  continental  vol- 
canoes in  the  direction  of  NN.E.  and  SS.W.  on  the  penin- 
sula of  Kamtschatka  first  commences  where  the  volcanic 
fissure  of  upheaval  in  the  Aleutian  Islands  intersects  the 
peninsula  beneath  the  ocean,  the  Aleutian-fissure  thus  form- 
ing, as  it  were,  a  channel  of  conduction.  According  to 
Admiral  Liitke's  chart,  of  the  Kamischatkan  Sea  (£ehring*s- 
Sea)  the  island  of  Attn,  the  western  extremity  of  the  Adeu- 
tian  range,  lies  in  lat.  52°  46^,  and  the  non-volcanic  Cop- 
per and  Behring's  Islands  in  lat.  54^  30'  to  55°  20',  while  the 
volcanic  range  of  Eiimtschatka  commences  under  the  paral- 
lel of  66°  40'  with  the  great  volcano  of  Schiwelutsch,  to  the 
west  of  Cape  Stolbowoy.  Besides,  the  direction  of  the 
fissures  of  eruption  is  very  different,  indeed,  almost  opposite. 
The  highest  of  the  Aleutian  volcanoes,  on  Unimak,  is  8076 
feet,  according  to  Liitke.  Near  the  northern  extremity  of 
Umnak,  in  the  month  of  May,  1796,  there  arose  from  the 
sea,  under  very  remarkable  circumstances,  which  have  been 
admirably  described  in  Otto  von  Eotzebue's  *'  EntdeckirngB- 
reise'*  (Bd.  ii,  s.  106),  the  island  of  Agasohagokh  (or  St. 
Johannes  Theologus)  which  continued  burning  for  nearly 
eight  years.  According  to  a  report  published  by  Exusen- 
stem,  this  island  was,  in  the  year  1819,  nearly  sixteen 
geographical  miles  in  circumference,  and  was  nearly  2240  feet 
high.  On  the  island  of  XJnalaschka  the  proportions  of  the 
trachyte,  containing  much  hornblende,  of  the  volcano  of 
Matuschkin  (5474  feet)  to  the  black  porphyry  (?)  and  the 
neighbouring  granite,  as  given  by  Chamisso^  would  deserve 
to  be  investigated  by  some  scientific  observer  acquainted 
with  the  conditions  of  modem  geology,  and  able  to  examine 
carefully  the  mineralogical  character  of  the  difi^ent  kinds 
of  rocks.  Of  the  two  contiguous,  islands  of  the  Pribytow 
group,  which  lie  isolated  in  the  Kamtschatkan  sea,  that  of 
St.  Paul  is  entirely  volcanic,  abounding  in  lava  and  pumice, 
while  St.  George's  Island,  on  the  contrary,  contains  only 
granite  and  gneiss. 

2  B  2 
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According  to  the  most  exact  enumeration  we  yet  pos  sess, 
the  range  of  the  Aleutian  Iries,  stretching  o-ver  960  geo* 
graphiiad  miles,  seems  to  contain  above  tkirt  j-^four  Tolcanoes, 
the  greater  part  oi  them  active  in  modem  historical  times. 
Thus  we  see  here  (in  54""  and  60°  latitude,  and  160''— 
196°  west  longitude)  a  stripe  of  the  whole  floor  of  the 
ocean  between  two  great  continents  in  a  constant  state  of 
formative  and  destaructive  activity.  How  many  islands  in 
the  course  of  centuries,  as  in  the  group  of  the  Azores, 
may  there  not  be  near  becoming  visible  above  the  sur&oe  of 
the  ocean,  and  how  many  more  which,  after  having  long 
appeared,  have  sunk  either  wholly  or  partially  unobserved ! 
For  the  mingling  oi  races,  and  the  migration  of  nations, 
the  range  of  the  Aleutian  Islands  furnishes  a  channel  £rom 
thirteen  to  fourteen  d^rees  moro  southerly  than  that  of 
Behring's  Straits,  by  which  the  Tchutehes  seem  to  have 
crossed  from  America  to  Asia,  and  even  to  the  other  side  of 
the  river  Anadir. 

The  range  of  the  Kurile  Islands,  from  the  extreme  point 
of  Kamtschatka  to  Gape  Brou^ton  (the  northernmost  pro- 
montory of  Jesso)  in  a  longitudinal  spaoe  of  720  geographi- 
cal miles,  exhibits  from  eight  to  ten  volcanoes,  still  ior  the 
most  purt  in  a  state  of  ignition.  The  northernmost  of 
these,  on  the  island  of  Alaid,  known  for  its  great  eruptions 
in  the  years  1770  and  1793,  is  well  worthy  of  being  accu- 
rately measured,  its  height  being  calculated  at  from  12,000 
to  15,000  feet.  The  much  less  lofby  Pic  Sarytshew  (4193 
feet  according  to  Horner)  on  Mataua,  and  the  southernmost 
Japanese  Kuriles,  Urup,  Jetorop,  and  Kunasiri,  have  also 
been  very  active  volcanoes. 

We  now  come  in  the  order  of  succession  of  the  vc^canic 
range  to  Jesso,  and  the  three  larger  Japanese  Islands,  re- 
specting which  the  celebrated  traveller,  Herr  von  Siebold, 
has  kindly  communicated  to  me  a  large  and  important  work 
for  assistance  in  my  Cosmos.  This  will  serve  to  correct  what- 
ever was  defective  in  the  notices  which  I  borrowed  from  the 
great  Japanese  Encyclopedia  in  my  M'agmens  de  Qeologie 
et  de  Glimatologie  Asiatiques  (t.  i,  pp.  217 — 234),  and  in 
jLsie  Centrale  (t.  ii,  pp.  540 — 552). 

The  large  island  of  Jesso,  which  is  very  quadrangular  in 
its  northern  portion  (lat.  4H°  to  45^®),  separated  by  the 
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Strait  of  ^Bmgar,  or  Tsugajr,  from  Niphbny  atid  by  tliat  of  la 
P^rousft  from  the  island  of  Kraffco  (Kara-fa-to),  bounds  by 
its  north-east  cape  the  Archipelago  of  the  Kunles ;  but  not 
far  from  the  North-lrest  Cape  Komon^ow  on  Jesso,  which 
stretches  a  d^pree  and  a  half  more  northward  in  the  strait 
of  La  P^rouse,  lies,  in  latitude  45°  1 1',  the  volcanic  Pic  de 
Langle  (5350  feet)  on  the  little  island  of  Kisiri.  Jesso 
itself  seemB  also  to  be  intersected  by  a  range  of  volcanoes^ 
from  Broughton's  Southern  Volcano  Bay  nearly  all  the  way 
to  the  North  Cape,  a  circumstance  the  more  remark^ 
able  as^  on  the  narrow  island  of  Ejafto  which  is  almost 
a  continuation  of  Jesso,  the  naturalis^ts  of  la  P6rouse's  ex** 
pedition  found  in  the  Bate  de  Castries  fields  of  red  porous' 
lava  and  scones  On  Jesso  itself  Siebold  counted  seventeen 
conical  mountains,  the  greater  number  of  which  appear  to> 
be  extinct  volcanoes.  The  Kiaka,  called  by  the  Japanese 
Usuga-Take,  or  Mortar-mountain,  on  accotrnt  of  a  deeply* 
hoUowed  crater,  and  the  Kajo-hoci  axe  both  said  to  b^ 
still  kk  a  state  of  ignition.  (Oommiidore  Perry  noticed 
two  voka;noe8  from  Ydlcano  Bay  n^i^  the  harbour  of  En-^ 
dermo,  lat.  42°  IT^l  The  lofty  Manye  (Erusdnstem's 
conical  mountain  Pallas)  lies  in  the  middle  of  the  island  of 
Jesso,  nearly  in  laU  44°,  domewhat  to  1^  E,K.E.  of  Bay 
Strc^Hioiw^ 

"  The  historical  books:  of  tfapan  mention,  only  six  active 
volcanoes  before  and  since  our  era,  namely,  two  on  the  island 
of  Niphon,  and  fouar  on  the  island  of  Kict^siu.  The  vol^ 
eanoes  of  Eitt-stu^  the  nearest  to  the  peninsula  of  Corea^ 
reckoniiag  them  in  their  geographical  position  from  south  tor 
northy  are  (1)  the  volcano  of  Mitake,  on  the-  islet  of 
Baytira-sima,  in  the  bay  of  Kagosima  (province  of  Satsuma)y 
which  lies  open  to  the  south,  lat.  31°  33',  long.  130°  41' > 
(2)  the  volcano  Kirisima  (lat.  31°  45')  in  the  district 
of  Kaka,  province  of  Einga;  3rd^  the  volcano  A  so  jam%  in 
the  district  Aao  (lat.  32°  45'),  pUdviace  of  Figo ;  4th^ 
the  volcano  of  Yunzen,  on  the  peninsula  of  Simabara  (latv 
32°*  44'X  in  the  district  of  Takaku.  The  height  of  this 
volcano,  amounts,,  according  to  a  basometrical  measurement, 
only  to  1253  metres^  or  4110  ihglish  feet>  fto  that  it  is 
acarcely  a  hundred  feet  higher  thtui  Yesuvins  (Rocoa  del 
Palo).    The  most  violent  eruption  of  the  volcano  of  Yunzea 
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on  record  is  that  of  February  1793.    Yunzen  and  Aso  jama 
both  lie  east-south-east  of  Nangasaki." 

"The  volcanoes  of  the  great  island  of  Niphon,  again 
reckoning  from  south  to  north,  are  (1)  the  Yolcano  of  Fusi 
jama,  scarcely  16  geographical  miles  distant  from  the 
southern  coast,  in  the  district  Fusi,  province  of  Suruga 
(lat.  35**  18',  long.  138^  35').  Its  height,  measured  in  the 
same  way  as  the  volcano  of  Vunzen,  or  Kiusiu,  by  some 
young  Japanese,  instructed  by  Siebold,  amounts  to  3793 
metres,  or  12,441  feet ;  it  is  therefore  fully  320  feet  higher 
than  the  Peak  of  Teneriffe,  with  which  it  has  been  alr^dy 
compared  by  Kampfer  (Wilhelm  Heine,  JReise  nach  Japan^ 
1856,  Bd.  ii,  s.  4).  The  upheaval  of  this  conical  moun- 
tain is  recorded  in  the  fifth  year  of  the  reign  of  Mikado  YI 
(286  years  before  our  era)  in  these  (geognostically  remark- 
iible)  words  : — *  In  the  country  of  Omi  a  considerable  tract 
of  land  sinks,  an  inland  lake  is  formed,  and  the  volcano 
Fusi  makes  its  appearance*  The  most  violent  historically 
recorded  eruptions  within  the  Christian  era  are  those  of 
799,  800,  863,  937,  1032,  1083,  and  1707  ;  since  the  latter 
period  the  mountain  has  been  tranquil.  2nd.  The  volcano 
of  Asama  jama,  the  most  central  of  the  active  volcanoes  in 
the  interior  of  the  country,  distant  80  geographical  miles 
from  the  south-south-east,  52  miles  from  the  north-north- 
west coast,  in  the  district  of  Saku  (province  of  Sinano), 
lat.  36°  22^,  long.  138°  38';  thus  lying  between  the  meri- 
dians of  the  two  capitals,  Mijako  and  Jeddo.  The  Asama 
jama  had  an  eruption  as  early  as  the  year  864,  contempora- 
neously with  the  Fusi  jama ;  that  of  the  month  of  July 
1783  was  particularly  violent  and  destructive.  Since  that 
time  the  Asama  jama  has  maintained  a  constant  state  of 
activity. 

"Besides  these  volcanoes  two  other  small  islands  with 
smoking  craters  have  been  observed  by  European  mariners, 
namely,  3rd.  The  small  island  of  Iv^gasimu  or  Iv6sima  {sima 
signifies  island,  and  w6  sulphur ;  ga  is  merely  an  affix  mark- 
ing the  nominative),  Krusaistem's  lie  du  Volcan,  south  of 
Kiu-siu,  in  Yan  Diemen's  Strait,  30°.43'N.  lat.  and  130°  18' 
E.  long.,  distant  only  fifty-four  miles  from  the"  above-men- 
tioned volcano  of  Mitake;  the  height  of  the  volcano  is  2364 
feet  (715  met).     This  island  is  mentioned  by  Linschoten  so 
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early  as  1596  in  these  words :  '  The  island  has  a  volcano, 
which  is  a  sulphur,  or  fiery  moulitain.*  It  occurs  also  on 
the  oldest  Dutch  se&-charts  under  the  name  of  Vulcanu9 
(Fr.  von  Siebold^  Atlas  vom  Jap,  Heiche,  Tab.  xi).  Kru- 
senstem  saw  it  smoking  in  1804,  as  did  Captain  Blake  io 
1838,  and  Gu^rin  and  De  la  Roche  Pencil  in  1846.  The 
height  of  the  cone,  according  to  the  latter  navigator,  is  2345 
feet  (715  met.)  The  rocky  islet  mentioned  as  a  volcano  by 
Landgrebe  in  the  NiUurgeachichte  der  Vulkane  (Bd.  i, 
s.  355),  and  which,  according  to  Kampfer,  is  near  Firato 
(Firando),  is  undoubtedly  Ivo-sima,  for  the  group  to  which 
Ivo-sima  belongs  is  called  Kiusiu  ku  simay  %,e,,  the  nine 
islands  of  Kiusiu,  and  not  the  ninty-nine  islands.  A  group 
of  this  description  occurs  near  Firato,  northward  of  Naga- 
saki, and  no  where  else  in  Japan.  (4)  The  island  of  Ohosima 
(Barneveld's  Island ;  Krusenstem's  He  de  Vries),  which  is 
considered  part  of  the  province  of  Idsu,  on  Niphon,  and 
lies  in  front  of  the  Bay  of  Vodavara,  in  34°  42'  N.  lat.  and 
139°  2&  E.  long.  Broughton  saw  smoke  issuing  from  the 
crater  in  1797,  a  violent  eruption  of  the  volcano  having 
taken  place  a  short  time  previous.  From  this  island  a  range 
of  smaller  volcanic  isles  stretches  out  in  a  southerly  direction 
as  &r  as  Fatsi-sy6  (33°  &  N.  lat.),  and  continues  as  far  as  the 
Benin  Islands  (26°  30'  K  lat.  and  142°  5'  K  long.),  which, 
according  to  A.  Postels  (Liitke,  Voyage  autov/r  du  Monde 
dans  les  annees  1826 — 29,  t.  iii,  p.  117)  are  likewise  vol- 
canic and  are  subject  to  very  violent  earthquakes." 

'^  These,  then,  are  the  eight  volcanoes  historically  known 
to  be  active  in  Japan  Proper,  in  and  near  the  islands  ot 
Kiusiu  and  Niphon.  But  in  addition  to  these  volcanoes  a 
range  of  conical  mountains  must  also  be  cited,  some  of  which, 
marked  by  very  distinct  and  offcen  deeply  indented  craters, 
appear  to  be  volcanoes  long  since  extinct.  One  of  these  is 
the  conical  mountain  of  E^imon,  Krusenstem's  Fie  Homer 
in  the  southernmost  part  of  the  ieland  of  Kiusiu,  on  the 
coast  of  Yan  Diemen*s  Strait,  in  the  province  of  Satsum 
(lat.  31°  9'),  scarcely  six  geographical  miles  SSW.  from 
the  activQ  volcano  of  Mitake.  Another  is  the  Kofiifti,  or 
Little  Fusi,'  on  Sikok ;  and  another  is  on  the  islet  of 
Kutsunasima^  in  the  province  of  Ijo  (lat.  33°  45'),  on  the 
eastern  coast  of  the  great  straits  of  Suvo  Nada  or  Van  der 
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Capellen,  which  separate  the  three  great  poErtions  of  the 
Japanese  empire,  Kiusiti,  Sikon,  and  Niphon.  On  the 
latter,  or  principal  island,  nine  such  conical  mountains,  pro- 
hably  trachytic,  are  reckoned,  the  most  remarkable  of  which 
are,  the  Sira' jama  (or  White  Mountain)  in  the  province  of 
K&g^y  lat.  36^5',  and  the  Tsyo  Kai-san,  in  the  province  of 
Deva  (lat.  39^10^,  both  of  which  are  considered  lofbier  than 
the  southerly  volcano  of  Eusi  jama,  which  is  upwards  of 
12,360  feet  high.  Between  these  two,  in  the  province  of 
Jetsigo,  lies  the  Jaki  jama  (or  Flame  Mountain,  lat.  36^530- 
The  two  northernmost  conical  mountaims  in  the  Saugar  Strait, 
in  sight  of  the  great  island  of  Jesso,  are,  (1)  The  Ivaki 
jama,  called  by  Erusenstem,  whose  illustrations  of  the  geo- 
graphy of  Japan  have  gained  him  immortal  honour,  the  Pic 
Tilesius  (lat.  40°  42') ;  and  (2)  The  Jake  jama  (the  Burning 
Mountain,  lat.  41°  20'),  in  Nambu,  at  the  north-eastern  ex- 
tremity of  Niphon,  with  igneous  eruptions  from  the  remotest 
times." 

In  the  continental  portion  of  the  neighbouring  peninsula 
of  Corea,  or  Korai  (which,  in  the  parallels  of  34°  and 
34^°,  is  almost  united  with  Kiusiu  by  the  islands  Tsu  sima 
and  Iki),  notwithstanding  its  great  similarity  in  form  to  the 
peninsula  of  Kamtschatka,  no  volcanoes  have  hitherto  been 
discovered.  The  volcanic  action  seems  to  be  confined  to 
the  adjoining  islands.  Thus,  in  the  year  1007,  the  iskad- 
volcano  of  Tsinmura,  called  by  the  Clunese,  Tanlo,  rose  from 
the  sea.  A  learned  Ohinese,  named  Tien-kong-chi,  was  sent 
to  describe  the  phenomenon  and  to  execute  a  pictu]::e  of  it." 
But  it  is  especially  on  the  island  of  Se-he-sure  (the  Quel- 
paerts  of  the  Dutch)  that  the  mountains  exhibit  everywhere 
a  volcanic  conical  form.  The  central  mountain  rises,  ac- 
cordingto  Broughton  and  La  F6rouse,to  the  height  of  6395 
feet.  How  many  volcanic  effects  may  there  not  yet  remain 
to  be  discovered  in  the  Western  Archipelago,  where  the 
f  King  of  the  (Koreans  styles  himself  the  Sovereign  of  10,000 

Islands ! 

From  the  Pic  Homer  (Kaimon  ^  take)  on  the  west  side 
of  the  southern  extremity  of  the  Kiusiu,  in  the  Japanese 
tri-insular  empire,  there  stretches  out  in  a  curve  which  lies 

(8  Compare  the  translations  of  Stanislas  Julien  from  the  Japanese 
Encyclopedia  in  my  Ane  CentraU,  t.  ii,  p.  fi51. 
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opem  towards  the  west,  a  small  cahge  of  Tolcaaic  islands, 
comprising,  first,  between  the  Vac  Diemen  and  Oolnet 
Straits,  t^e  Jaktino  sima  and  the  Tanega  sima;  second 
south  of  the  Strait  of  Colnet  in  the  Linschoten-gronp**  of 
Siebold  (the  Archipel  CecUe  of  Captain  Gu^rin),  wliich  ex- 
tends as  far  as  the  parallel  of  29%  the  island  of  Suvase  sima, 
the  volcano  island  of  Captain  Belcher  (lat.  29*^39'  and  long. 
129°  41')  rising,  according  to  De  la  Eoche  Ponci6,  to  a  height 
of  2800  feet  (855  met.)  ;  third,  Basil  HalPs  sulphur  island, 
the  Tori-sima,  or  Bird  Island,  of  the  Japanese,  the  Lung- 
hoang-shan  of  PIre  Gaubil,  in  lat.  27°  51'  and  long.  128°  14', 
as  fixed  by  Captain  De  la  Roche  Pencil  in  1848.  As  this 
island  is  also  called  Iwdsima,  care  must  be  taken  not  to  con- 
found it  with  its  more  northerly  namesake  in  Van  Diemen's 
Straits.  It  has  been  admirably  described  by  Captain  Basil  HalL 
Between  the  parallel  of  26'^  and  27°  of  latitude  comes  in  suc- 
cession the  group  of  the  Lien-thieu,  or  Loo-choo  Islands,  as 
the  natives  call  them,  of  which  Klaproth  published  a  separate 
map  in  1824,  and  more  to  the  south-west  the  small  Archi- 
pelago of  Majicosima,  whidi  approaches  ihe  great  island  of 
f^ormosa,  and  is  considered  by  me  to  be  the  closing  point  of 
the  eastern  Asiatic  islands.  Close  to  the  east  coast  of  Formosa 
(lat.  24°)  a  great  volcanic  eruption  in  the  sea  was  observed 
by  Lieutenant  Boyle  in  1853  (Commodore  Perry,  JEixped,  to 
Japan  y  vol.  1,  p.  500).  Among  the  Benin  Islands  ( Buna- 
sima  of  the  Japanese,  lat.  26i°  to  27J°  and  long.  142°  15^ 
that  called  Peel's  Island  has  several  craters  abounding  in 
sulphur  and  scoriae,  which  do  not  appear  to  have  been  long 
extinct  (Perry,  i,  pp.  200  and  209). 

VI.  Islands  of  Soxjthebn  Asia. 

We  comprehend  under  this  division  Formosa  (Tayvan), 
the  Philippines,  the  Sunda  Islands  and  the  Moluccas.  Klap- 
roth first  made  us  acquainted  with  the  volcanoes  of  Formosa 
by  information  extracted  from  Chinese  sources,  which  are 
always  so  copious  in  their  descriptions  of  nature.**    They 

^  Compare  Kaart  van  den  Zuid-^n  Zuidweat'K'mi  van  Japan  door 
F.  yon  Siebold,  1851. 

^  Compare  my  FragmeuB  de  Oioloffie  et  de  Climatologie  AnoHqueB, 
t,  i,  p.  82,  which  appeared  immediately  after  my  return  from  my 
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are  four  in  number,  and  of  these  tlie  Chy-kang  (Red  Moun- 
tain), whose  crater  contains  a  hot-water  lake,  has  experi- 
enced great  igneous  eruptions.  The  small  Bascfai  Islands 
and  the  Babuyans,  which  so  late  as  1831,  according  to 
Meyen's  testimony,  experienced  a  violent  eruption  of  fire, 
connect  Formosa  with  the  Philippines,  of  which  the  smallest 
and  most  broken  islands  abound  most  in  volcanoes.  Leo- 
pold von  Buch  enumerates  nineteen  lo?t>j  isolated  conical 
mountains  upon  them,  which  in  the  country  are  called  vol- 
canes,  though  probably  some  of  them  are  closed  trachytic 
domes.  Dana  is  of  opinion  that  in  southern  Luzon  there 
are  now  only  two  active  volcanoes, — that  of  Taal,  which 
rises  in  the  Laguna  de  Bongbong,  with  an  encircling  escarp- 
ment which  incloses  another  lagoon  (see  page  243) ;  and  in 
the  southern  portion  of  the  peninsula  of  Camarines  the  vol- 
cano of  Albay,  or  Mayon,  which  the  natives  call  Isaroe. 
The  latter,  which  is  3197  feet  high,  experienced  great  erup- 
tions in  the  years  1800  and  1814.  In  the  northern  portion 
of  Luzon  granite  and  mica-slate,  and  even  sedimentary 
formations  together  with  coal  are  diffused." 

The  far-stretching  group  of  the  Soolo  (Solo)  islands,  which 
are  fully  100  in  number,  and  which  connect  Mindanao  and 
Borneo,  is  partly  volcanic,  and  partly  intersected  by  coral- 
reefs.  Isolated  unopened,  trachytic,  cone-shaped  p^iks  axe 
indeed  often  caUed  Vulcan  ea  by  the  Spaniards. 

If  we  carefiilly  examine  all  that  lies  to  the  south  of  the 
fifth  degree  of  north  latitude  (to  the  south  of  the  Philippines), 
between  the  meridians  of  the  Nicobars  and  the  north-west 
of  New  Guinea,  thus  taking  in  the  Sunda  Islands,  great  and 

Siberian  expedition,  and  the  Asie  Centrale,  in  which  the  opinion  ex- 
pressed by  Klaproth,  and  which  I  formerly  adopted,  respecting  the 
probability  of  the  connection  of  the  snowy  mountains  of  the  Himalaya 
with  the  Chinese  province  of  Yunan  and  with  Nanling  north  westward 
of  Canton,  has  been  confuted  by  me.  The  mountains  of  Formosa, 
upwards  of  11,000  feet  high,  as  well  as  Ta-yu-ling  which  bounds 
Fukian  to  the  westward,  belong  to  the  system  of  meridian  fissures  in 
Upper  Assam,  in  the  country  of  the  Burmese,  and  in  the  group  of 
the  Philippines. 

*  Dana's  Geology,  in  the  Explor.  Exped.,  vol.  x,  p.  640—545  ;  Ernest 
Hof mann,  Geogn,  Beoh,  auf  dir  Beite  von  Otto  v.  Kotzdme,  p.  70 ;  L6op. 
de  Buch,  DSscription  Physique  des  lies  Cana/ries,  pp.  435 — 439.  See 
the  large  and  admirable  chart  of  the  Islas  Filipinas,  by  the  Pilot  Don 
Antonio  Morati  (Madrid,  1852),  in  two  plates.    . 
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small,  and  the  Moluccas,  we  shall  find  as  the  result,  given  in 
the  great  work  of  Dr.  Junghuhn,  that  "  in  a  circle  of  islands 
which  surround  the  almost  continental  Borneo,  there  are 
109  lofty  fire-emitting  mountains,  and  10  mud-volcanoes." 
This  is  not  merely  an  approximate  calculation,  hut  an  actual 
enumeration. 

Borneo,  the  Giava  Maggiore  of  Marco  Polo,*'  has  hitherto 
furnished  us  with  no  certain  proofe  of  the  existence  of  any 
active  volcano  upon  it ;  but,  indeed,  it  is  only  a  few  narrow 
strips  of  the  shore  that  we  are  acquainted  with  (on  the 
north-west  side  as  far  as  the  small  coast-island  of  Labuan, 
and  as  far  as  Cape  Balambangan;  on  the  west  coast  at 
the  mouth  of  the  Pontianak;  and  on  the  south-eastern 
point  in  the  district  of  Banjermas-Sing,  on  account  of  the 
gold,  diamond  and  platinum  washings).  It  is  not  even  be- 
Heved  that  the  highest  mountain  of  the  whole  island,  and 
perhaps  even  of  the  whole  South  Asiatic  island- world,  the 
double-peaked  Kina  Bailu  at  the  northern  extremity,  dis- 
tant only  thirty-two  geographical  miles  from  the  Pirate- 
coasts,  is  a  volcano.  Captain  Belcher  makes  it  13,695  feet 
high,  which  is  nearly  4000  feet  higher  than  the  Gunung 
Pasaman  (Ophir)  of  Sumatra.^    On  the  other  hand,  Eajah 

^  Marco  Polo  distinguishes  (Part  iii,  cap.  5  and  8)  Giava  Minore 
(Sumatra),  where  he  remained  for  five  months,  and  where  he  describes 
the  elephants,  which  were  not  to  be  found  in  Java  itself  (Humboldt, 
Examen.  Crit.  de  VHist.  de  la  Qiorg.,  t.  ii,  p.  218),  from  what  he  had 
before  described  as  Giava  (Maggiore),  la  quale,  secondo  dicono  i  marv- 
nai,  che  bene  lo  »anno,  d  Visola  pitb  grande  ch£  sia  al  mondo, — (which 
as  the  sailors  say,  who  know  it  well,  is  the  largest  island  in  the  world. 
This  assertion  is  even  to  this  day  true.  From  the  outlines  of  the  chart 
of  Borneo  and  Celebes  by  James  Brooke  and  Captain  Rodney  Mundy, 
I  find  the  area  of  Borneo  51,680  square  geographical  miles,  nearly 
equal  to  that  of  the  island  of  New  Guinea,  but  only  one-tenth  of  the 
continent  of  New  Holland.  Marco  Polo's  account  of  the  great  quantity 
of  gold  and  treasure  which  the  ^'Mercanti  di  Zaiton  e  del  Mangi"  ex- 
ported from  thence,  shows  that  by  Giava  Maggiore  he  meant  Borneo, 
(as  did  also  Martin  Behaim  on  the  Niirnberg  globe  of  1492,  and  Johann 
Ruysch  in  the  Roman  edition  of  Ptolemy,  dated  1508,  which  is  so 
important  for  the  history  of  the  discovery  of  America). 

*  Captain  Mundy's  chart  (coast  of  Borneo  Proper,  1847,)  gives,  it  is 
true,  14,000  English  feet.  See  a  doubt  of  this  datum  in  Junghuhn'a 
Java,  Bd.  ii,  s.  580.  The  colossal  Kina  Bailu  is  not  a  conical  moun- 
tain. In  shape  it  much  more  resembles  the  basaltic  mountains  which 
occur  under  all  latitudes,  and  which  form  a  long  ridge  with  two 
.terminal  summits. 
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Brooke  mmildons  a  ttaoh  lower  mountain  in  the  prOTince  of 
Sarawak,  whose  name,  Gonnng  Api  (Fire  Mountain  in  thft 
Malaj  tongue)  as  well  as  the  scoriss  which  lie  around  i% 
lead  to  the  conclusion  that  it  was  once  yolcanically  actr?e^ 
Large  deposits  of  gold-sand  between  quartz-veins,  the  abuzt- 
dance  of  tin  washed  down  on  both  shores  of  the  rivers,  and 
the  feldspathic  porphyry**  of  the  Carambo  Mountains,  indi* 
cate  a  great  extension  of  what  are  called  primitive  and 
transition  rocks.  According  to  the  only  certain  information 
which  we  possess  from  a  geologist  (Dr.  Ludwig  Homer, 
son  of  the  meritorious  Zurich  astronomer  and  circumnavi* 
gator  of  the  globe),  there  are  found  in  the  south-east^fA 
portion  of  Borneo  united  in  several  profitably  worked  wash" 
ings,  precisely  as  in  the  Siberian  Ural,  gold,  diamonds,  plati- 
nmn,  osmium,  and  iridium  (but  not  yet  palladium).  Forma- 
tions of  serpentine,  euphotide,  and  syenite,  lying  in  great 
proximity,  belong  to  a  range  of  rooks  3411  feet  hi^,  that 
of  the  Ratuhs  Mountains.^® 

The  still  active  volcanoes  on  the  remaining  three  gt€^ 
Sunda  Islands  are  reckoned  by  Junghuhn  as  follows :— -On 
Sumatra  from  six  to  seven,  on  Java  iSom  twenty  to  twenty^ 
three,  on  Celebes  eleven,  and  on  Flores  six.  Of  the  vol- 
canoes of  the  island  of  Java  we  have  already  (see  above 
page  298)  treated  in  detaiL  In  Sumatra,  which  has  not 
iiitherto  been  completely  investigated,  out  of  nineteen  con- 
ical mountains  of  volcanic  appearance  there  are  six  still 
active.^^  Those  ascertained  to  be  so  are  the  following  >^ 
The  Gunimg  Indrapura,  about  12,256  feet  in  height,  accord^ 
ing  to  angles  of  altitude  measured  from  the  sea,  and  piK)- 
bably  of  equal  height  with  the  more  accurately  measured 
Remeru  or  MaharMeru  on  Java; — the  Gunung  Pasaman, 
called  also  Ophir  (9602  feet),  with  a  nearly  extingmshed 
crater,  ascended  by  Dr.  L.  Homer ;— the  sulphureous  G1]B^ 
ung  Salasi,  with  eruptions  of  ashes  in  1833  and  1845  ;-^ 
the  Gunung  Merapi  (9751  feet),  also  ascended  by  t>r.  L 
Homer,  accompanied  by  Dr«  Eorthal,  in  the  year  1834,  the 

^  Brooke's  Borneo  and  CeUbet,  vol  ii,  pp.  882,  384,  and  886L 

70  Homer,  in  the  Verkamddingen  van  het  Bataviaaaehr  O&MotfektIp 
van  KwMten  en  WeteMckappm,  Deal  zvii  (188$^),  &  2&i ;  Atiie  Cmtfmk, 
t.  iii,  pp.  634—637. 

71  Junghuhn,  Java,  Bd.  ii,  e.  809 ;  {Battal&nder,  Bd.  i,  b.  89). 
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most  aetiye  of  all  the  Tolcanoes  of  Smnatra,  and  not  to  be 
oonfounded  with  the  two  siimlarly  named  mountaias>  of 
tfava  ^!^ — the  Gunung  Ipn^ »  Bmoking  truncated  cone  ;r-aDd 
tiUe  Ounung  !E>enipo,  in  the  inland  coontcy  of  Benkttla^ 
reekoned  at  9940  feet  high. 

J^our  islets  forming  trachytio  oones,  of  whi^h  the  Pic  Baeata 
and  Panahitam  (Prince's  Island)  are  the  highest^  rise  abovQ 
the  sea  in  the  Stmt  of  Snnda^  and  connect  the  volcanic  range 
of  Sumatra  with  the  crowded  field  of  Java,  and  in  like  man- 
ner the  eastern  extremity  of  Jay%  with  its  Yokano  of  Idjen,  ■ 
forms,  through  the  medium  of  the  active  volcanoes  Gmnung 
Batur  and  Gunung  Agung  on  the  neighbouring  island  of 
Bali,  a  connection  with  the  long  chain  of  t^e  smaller  Sunda 
Islands.  Here  again  the  range  is  continued  eastward  &om 
Balii  by  the  smoking  volcano  of  Bindjani  on  the  isknd  of 
X^ombok^  12,363  feet  high,  according  to  the  trigonometrical 
mieasurement  of  M.  Melville  de  Camb^ ; — by  the  Temboro 
($862  &et)  on  the  Sumbava,  (X  Sambava^  whose  eruption  of 
ashes  and  pumice  in  Aprils  181^,  obscured  the  surrounding 
atmosphere,  and  was  one  of  the  greatest  which  history  has 
recorded;^' — and  by  six;  conical  mountains  still  partially 
wnoking,  on  Floras 

The  large  and  many  armed  island  of  Celebes  contains  six 
volcanoes,  which  are  not  yet  all  extinct ;  they  lie  all  together 
on  the  narrow  north-eastern  peninsula  of  Menado.  Beside 
it  spout  out  streams  of  bot  melted  sulphur,  into  the  orifice 
of  one  of  which,  near  the  road  from  Sender  to  Lamovang,  a 
^reat  traveller  and  intrepid  observer.  Count  Carlo  Vidua, 
my  Piedmontese  Mend,  sank  and  met  his  death  from  the 
bums  he  received.  As  the  small  island  of  Banda  in  the 
Moluccas  consists  of  the  volcano  of  Guning  Api,  which  was 
active  from  1586  to  1824,  and  is  about  1812  feet  high,  in 
the  same  way  the  larger  island  of  Temate  is  likewise  formed 
by  a  single  conical  mountain,  5756  feet  high,  the  Gunung 
Gama  Lama,  whose  violent  eruptions  from  1838  to  1849, 
after  more  than  a  century  and  a  half  of  entire  quiescence  are 
described  at  ten  different  periods.  During  the  eruption  of 
the  3rd  February,  1840,  according  to  Junghuhn,  a  stream  of 
lava  poured  out  of  a  fissure  near  the  foi*t  of  Toluko,  and 

72  See  page  300,  note  86.  ^  Jam,  Bd.  ii,  s.  813—828. 
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flowed  down  to  the  shore,'*  "partly  issuing  in  the  form  of 
a  connected  and  thoroughly  molten  stream,  and  partly 
consisting  of  glowing  fragments  which  rolled  down  and  were 
forced  along  the  plain  by  the  weight  of  the  succeeding 
masses."  If  to  the  more  important  volcanic  cones  here  in- 
dividually mentioned  we  add  the  numerous  small  island  vol- 
canoes which  cannot  be  here  noticed,  the  total  number  of 
the  igneous  mountains  situated  to  the  southward  of  the 
parallel  of  Cape  Serangami  on  Mindanao,  one  of  the  Philip- 
pines, and  between  the  meridians  of  the  north-west  Cape  of 
New  Guinea  on  the  east  and  of  the  Nicobar  and  Andaman 
groups  on  the  west,  amounts^  as  has  been  already  stated,  to 
the  large  number  of  109.'*  This  calculation  is  made  in  the 
belief  that  *'  on  Java  forty-five  volcanoes,  for  the  most  part 
cone-shaped,  and  provided  with  craters,  may  be  counted." 
Of  these,  however,  only  21,  and  only  from  42  to  45, 
of  the  whole  number  of  109,  are  recognized  as  now  active, 
or  as  having  been  so,  at  any  period  within  the  reach  of 
history.  The  mighty  Pic  of  Timor  formerly  served  like 
Stromboli  as  a  light-house  to  mariners.  On  the  small  island 
of  Pulu  Batu  (called  also  P.  Komba),  a  little  to  the  north 
of  Floris,  a  volcano  was  seen  in  1850  to  pour  a  stream  of 
glowing  lava  down  to  the  sea-shore.  The  same  thing  was 
observed  in  1812,  and  again  in  the  spring  of  1856,  in 
respect  to  the  Pic  on  the  greater  Sangir  Island,  between 
Magindanao  and  Celebes.  Junghuhn  doubts  whether  the 
famous  conical  mountain  of  Vavani  or  Ateti,  on  Amboina, 
ejected  anything  more  than  hot  mud  in  1674,  and  considers 
the  island  at  present  as  only  a  solfatara.  The  great  group 
of  the  South  Asiatic  Islands  is  connected  by  the  division  of 
the  Western  Simda  Islands  with  the  Nicobar  and  Andaman, 
Isles  of  the  Indian  Ocean,  and  by  the  division  of  the  Mo- 
luccas and  Philippines  with  the  Papuas,  the  Pellew  Islands 
and  Carolinas  of  the  South  Sea.  We  shall  first,  however, 
proceed  with  the  less  numerous  and  more  dispersed  groups 
of  the  Indian  Ocean. 

VII.  The  Indian  Ocean. 

This  comprehends  the  space  between  the  west  coast  of 
^*  Junghuhn'B  Java,  vol.  ii,  pp.  840—842.  ?»  Ibid,  p.  858. 
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the  peninsula  of  Malacca,  or  of  the  Birman  country  to  the 
east  coast  of  Africa^  thus  inclosing  in  its  northern  division 
the  Bay  of  Bengal  and  the  Arabian  and  !Red  Seas.  We 
pursue  the  chain  of  volcanic  activity  in  the  Indian  Ocean  in 
the  direction  from  north-east  to  south-west. 

Barren  Island,  in  the  Bay  of  Bengal,  a  little  to  the  east 
of  the  great  Andaman  Island  (lat.  12°  IS'),  is  correctly  con- 
sidered an  active  cone  of  eruption,  issuing  out  of  a  crater  of 
upheaval.  The  sea  forces  its  way  through  a  narrow  opening 
and  fills  an  internal  basin.  The  appearance  presented  by 
this  island,  which  was  discovered  by  Horsburgh  in  1791,  is 
exceedingly  instructive  for  the  theory  of  the  formation  of 
volcanic  structures.  We  see  here  in  a  complete  and  per- 
manent form  what  nature  exhibits  in  only  a  cursory  way  at 
Santorin,  and  at  other  points  of  the  earth's  surface.''*  The 
eruptions  in  November  1803  were,  like  those  of  Sangay  in 
the  Cordilleras  of  Quito,  very  distinctly  periodical,  recurring 
at  intervals  often  minutes  (Leop.  von  Buch  in  the  Ahhcmdl. 
der  Berl.  Akademie,  1818—1819,  s.  62). 

The  island  of  Narcondam,  to  the  north  of  Barren  Island, 
has  likewise  exhibited  volcanic  action  at  a  former  period,  as 
has  also  the  cone-mountain  of  the  island  of  Cheduba,  which 
lies  more  to  the  north,  near  the  shore  of  Arracan  (10°  52'). 
(Silliman's  American  Jowrnal,  vol.  xxxviii,  p.  385). 

The  most  active  volcano,  judging  from  the  frequency  of 
the  lava-eruptions,  not  only  in  the  Indian  Ocean  but  in 
almost  the  whole  of  the  south  hemisphere  between  the  meri- 
dians of  the  west  coast  of  New  Holland  and  the  east  coast 
of  America,  is  that  on  the  island  of  Bourbon  in  the  group 
of  the  Mascareignes.  The  greater  part  of  the  island,  parti- 
cularly the  western  portion  and  the  interior,  is  basaltic. 
Becent  veins  of  basalt,  with  little  admixture  of  olivine,  run 
through  the  older  rock,  which  abounds  in  olivine ;  beds  of 
lignite  are  also  enclosed  in  the  basalt.  The  culminating 
points  of  the  Mountain  Island  are  the  Gro9  Morne  and  the 
Trois  Salazes,  the  height  of  which  La  Caille  over-estimated 
at  10,658.  The  volcanic  action  is  now  limited  to  the  southern- 
most portion,  the  "  Grand  pays  brMI."     The  summit  of  the 

'^^  Leop.  V.  Bucb,  in  the  AhhamdL  der  Ahad.  der  Wise,  zu  Berlin, 
.1818  and  1819,  s.  62;  Lyell,  PHnc.  of  Geology.  (1863),  p.  447,  where  a 
fine  representation  of  the  volcano  is  given. 
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Tolcana  of  BonrboDi  wliicli  Hubert  describes  as  emitting^ 
maarlj  every  year,  two  streams  of  lava  which,  frequently  ex- 
tend to  the  sea,  is,  according  to  Berth's  measurement,  8000 
leet  high.^  It  exhibits  several  cones  of  eruption  which  have 
received  distinct  names,,  and  which  alternately  send  forth 
eruptions.  The  eruptions  firom  j;he  summit  are  in&^uent. 
The  lavas  contain  glassy  feldnsipar,  and  are  therefore  rather 
trachytic  than  basaltic.  The  shower  of  ashes  frequently  con- 
tains olivine  in  long,  fine  thi'eads,  a  phenomenon  which  like- 
wise occurs  at  the  volcano  of  Owhyhee.  A  violent  eruption 
of  these  ^assy  threads,  covering  the  whole  island  of  Bour- 
bon>  occurred  in  the  year  1821. 

AEthat  we  know  of  the  great  neighbouring  terra  incog- 
nita of  Madagascar  is  the  extensive  dispersion  of  pumice  at 
Tlntingue,  opposite  the  French  island  of  St.  Marie,  and  the 
occurrence  of  basalt,  to  the  south  of  the  bay  of  Diego  Suarez, 
Bear  the  northernmost  Cap  d'Ambre,  surrounded  by  granite 
and  gneiss.  The  southern  central-ridge  of  the  Ambohist- 
mene  Mountains  is  calculated  (though  with  little  certainty) 
at  about  11,000  feet.  Westward  of  Madagascar,  in  the 
northern  outlet  of  the  Mozambique  Channel,  the  largest 
of  the  Comoro  Islands  has  a^  burning  volcano  (Darwin, 
Coral  SeefSy  p.  122). 

The  small  volcanic  island  of  St.  Paul  (38""  38');  south  of 
Amsterdam,  is  considered  volcanic,  not  only  on  account  of 
its  form,  which  strongly  reminds  one  of  that  of  Santorin, 
Barren  Island,  and  Deception  Island,  in  the  group  of  the 
New  Shetland  Isles,  but  likewise  on  account  of  the  repeat- 
edly observed  eruptions  of  fire  and  vapour  in  modem  times. 
The  very  characteristic  drawing  given  by  Valentyn  in  his 
work  on  the  Banda  Islands,  relative  to  the  expedition  of 
Willem  de  Vlaming  (November  1696)  corresponds  exactly, 
as  do  also  the  statements  of  the  latitudes,  with  the  repre- 
sentations in  the  atlas  of  Macartney's  expedition,  and  Cap- 
tain Blackwood's  survey  (1842).  The  crater  shaped,  circular 
bay,  nearly  an  English  mile  across,  is  everywhere  surrounded 
by  precipitate  rocks  which  fall  perpendicularly  in  the  in- 
terior, with  the  exception  of  a  narrow  opening,  through 
which  the  sea  enters  at  flood-tide ;  while  those  which  form 

^  Borj  de  St  Vincent,  Voyage  aux  Quatre  Itk^  d^Afriquef  t,  ii, 
p.  429. 
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tKe  margin  of  the  crater  fall  away  externally  with  a  gentle 
tilope.'* 

The  island  of  Amsterdam  which  lies  50'  of  latitude  farther 
towards  the  north  (37°  48')  consists,  according  to  Valentyn's 
representation,  of  a  single,  well-wooded,  somewhat  rounded 
mountain,  from  the  highest  ridge  of  which  rises  a  small 
<;ubical  rock,  almost  the  same  as  at  the  Cojre  de  Ferote  on 
the  higher  plains  of  Mexico.  During  the  expedition  of  D'En- 
trecasteaux  (March  1792),  the  island  was  seen  for  two  whole 
days  entirely  enveloped  in  flames  and  smoke.  The  smell  of 
the  smoke  seemed  to  indicate  the  combustion  of  wood  and 
earth ;  columns  of  vapour  were,  indeed,  thought  to  rise  here 
and  there  from  the  ground  near  the  shore,  but  the  natural- 
ists who  accompanied  the  expedition  were  decidedly  of 
opinion  that  the  mysterious  phenomenon  could  by  no  means 
be  ascribed  to  an  eruption  '''  of  the  high  mountain,  like  that 

"^  Yalentyn,  Beschryving  van  Oud  en  Nieuw  Oost  Indiin,  Deel  iii, 
<1726),  p.  70  ;  Set  EyUmd  St.  Pauh.    (Compare  LyoU,  Priw.  p.  446). 

^  "We  were  unable,"  says  D'Entrecasteauz;  "  to  form  any  conjecture 
«8  to  the  cause  of  the  burning  on  the  island  of  Amsterdam.  The 
island  was  in  flames  throughout  its  whole  extent,  and  we  recognized 
<iistinctly  the  smell  of  burnt  wood  and  earth.  We  had  felt  nothing  to 
lead  us  to  suppose  that  the  fire  was  the  effect  of  a  volcano"  (t.  i, 
|>.  45).  A  few  pages  before,  he  says,  "  We  remarked,  however,  as  we 
«ailed  along  the  coast,  from  which  the  flames  were  rather  distant, 
little  puffs  of  smoke  which  seemed  to  come  from  the  earth  like  jet9>; 
yet  we  could  not  distinguish  the  least  trace  of  fire  around  them, 
chough  we  were  vexy  close  to  the  land.  These  jets  of  smoke  which 
•pp^red  at  intervals,  were  considered  by  the  naturalists  of  the  expedi- 
tion as  certain  proofs  uf  subterranean  fire.  Are  we  to  conclude  from 
this  that  there  were  actual  combustions  of  earth, — conflagrations  of 
lignite,  the  beds  of  which,  covered  with  basalt  and  tufa,  occur  in  such 
abundance  on  volcanic  islands  (as  Bourbon,  Kerguelen-land,  and  Ice- 
land) ?  The  Swiarbrand,  on  the  latter  island,  derives  its  name  from 
the  Scandinavian  myth  of  the  fire-giant  Surtr  causing  the  conflagra- 
tion of  the  world.  The  combustion  of  earth,  however,  causes  no  flame 
in  genei'al.  As  in  modem  times  the  names  of  the  islands  Amsterdam 
and  St.  Paul  are  unfortunately  often  confounded  on  charts,  I  would 
here  observe,  in  order  to  prevent  mistakes  in  ascribing  to  one  observa- 
tions which  apply  to  the  other,  they  being  very  different  in  formation 
though  lying  almost  under  one  and  the  same  meridian,  that  originally 
(m  early  as  the  end  of  the  17th  century)  the  south  island  was  called 
St.  Paul  and  the  northern  one  Amsterdam.  Ylaming,  their  discoverer^ 
assigned  to  the  first  the  latitude  of  38*40',  and  to  the  second  that  of  37*48' 
<c«tith  of  the  equator.  This  corresponds  in  a  remarkable  manner  with 
VOL.  V.  3  o 
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«fi  ft  volosmo.     More  oertain  evidencea  o£  farmBt.  gemuiuft 
volcanic  action  on  the  island  of  Amsterdam  may  be  fannd.  in 

tiw  calouktion.  made  by  D'Bntreoastoaux  a  oentury  later  oa  the  oeca* 
«ioa  oi  the'6spBditiaiiiixL.BearolLof  La  P6rouBe  ( Vai^age,  tr  i,  p.  43  ~-4fi), 
namely,  for.  Amsterdam^  according  to  Beautemps  B^uprd,  37*47'46'* 
((bng.  77*  717»  for  St.Paul  38*  38.'.  This  near  coincidence  must  be  con^ 
oldered  acoidtotal,  as  the  points  of  observation  were  certainly  not'es* 
aotl^  the  same.    On  the  other  hand  Captsain  Blackwood  in  his  Adr 
miralty  dunrt)  of  1842  gives  38*  44'  and  longitude  77*  37'  for  St.  PaoL 
On  the  charts  given  in  the  original  editions  of  the  voyages  of  the  inc^ 
•mortal  circumnavigator  Cook,  those  for  instance  of  the  first  and  second 
expedition  ( Votfctge  to  Ihe  Stmth  Pole  and  Bownd  th»  World,  London, 
1777,  p.  1),  9M  well  as  of  the  Uiird*  and  last  voyage  ( Voyage  to  tMe 
Pttdfie  Ocean,  published  by  the  Admiralty,  London,  1784,  in  2nd  edi* 
taon^  1785),  and.  even  of  all  the  three  expeditions  (A  Qeneral  Charts 
tB^^iUng  the  IHacoveriee  of  Captain  Cook  in  his  Third  and  2Soo  Pr&- 
eeding  Voyages,  by  Lieut.  Henry  Roberts),  the  island  of  St.  Paul  is 
very  correctly  laid  down  as  the  most  southemly  of  the  two ;  but  in 
the  text  of  the  voyage  of  D'Bntreoasteaux  (t»  i,  p.  44),  it  is  mentioned 
by  way  of  censure  (whether  with  justice  or  not  I  am  unable  to  say^ 
adthough  I  have  sought  after  the  editions  in  the  librariea  of  Paris, 
Beriin,  and  <9ottiogen),  "that  on  the  special  chart  of  Goek'tt  last  expet 
ditton  the  island  oi  Amsterdam  is'set  domn  as  more  to  the  son^  than 
at.  Paul."    A  similar  reversal  of  the  appellattonay  quite  opposed  to 
the  intnition  of  the.  diaeorvvrer^  Willem  de  Vlaxning,  was  Sequent  in 
'the  first  tiiiid  of  the  present  oentory,  as  for  example  on  the  older  and 
excellent'  maps  of  the  world:  by^  Arrowsmith  and  Bnrdy  (tSSft),  but 
tbere  w«s  more  than  aspeoial  chart- of  Cook's  third.voyage  operating 
tD< cause  it;    There wasy  list,  the  arbitraoy  eairyi  on  the  mapsof  Cox 
nui  Mortimer;  S^d,  the  oirourastanoe  that,  in  the  atlas  of  £ord  Bfooh 
•rtney's  voyage  to  GMna^  though  the  beautiful  volcanic  isiand  repre* 
■anted  smoking  is  very,  correctly  named  St.  Paul^  under  lat.  9&*  42^ 
yefe^itr  is  absurdly  added,  "commonly  called*  Amsterdam,"  and  what 
IS-  still  WEorse,  im  atte-  narrative  of  the  voyage  itself^  Staunton  and 
Bit  Gillan. uniformly  called  this  ''island  rttU  in  a  state  of  infismm» 
tkm  "  Amsterdam,  and,  they  even  add  (p.  226>  after  having  given- the 
eonect  latitude*in  p.  219)  "  that  St.  Paul  is  lying  to  the.northwBrd.of 
Amsterdam ;''  and  3rdly,  there  is  the  same  confusion  or  names- 1^ 
Bnnow  {Voyagsfto  CoMn  China  in  the  Years  1792  cutd  1798,, pp.  140--* 
14k7),  who  also  gives  the  name  of  Amsterdam  to,  the.soutbexn  island 
emitting  smoke  and  flames^  assigning  to  it  at  the  same  time  the  lati* 
Itede  38*  42^.    Malte  Bran  (Prieis  de  la  Qiographie  Unwenelle^  t.  y, 
1917,  p.  146),  vexy  properly  blames*  Barrow,   but  he  errs  in  also 
biaming,  M.  de  Rossel.  and  Beautempa*Beaupr^.    Both,  ol  the  latter 
writers  gi^e  as  the  latitude  of  the  island  of  Amsterdam,  which  is  the 
only' one  they  represent,  37*  47',  and  that  of  the  island  of  St^^Paul^ 
.  because  it  lies  50'  mors  to  the  south,  38f  38'  ( Ko^.  dal/'MntreeastrBansB:, 
'  ]8QS>  1. 1,  pp;  40«— 46),  and  id  show  that  the  design  represents  the 
ittBHM  island  of  Amstendam,  disoove^  by  Willem  de  Ylajning^  Bes^ 
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the  beds*  of  pumiceHstoixe  {uiigebrcmden  puim^tem),  meatiQik 
<if  which  is  made  so  early  aa  by  Valentg^  accojrdiog^  to. 
'\^amiii^'a  Ship  Journal,  of.  1 696, 

To  the!  south-ea^tj  of  the  Cape  of  Good  Ho{|e  lie  Marioa;i!% 
or. Prince  Edward's  Island  (47°  2^),  and.  Poiaesaion  IsUuftd 
(lat.  46°  28' and  long.. 51°  56'),  fonning  pari  of  the  Crozet 
grpup.  Both  of  them. exhibit  traces  ca  former  volcaoiQ 
action,*— «maH[  conical  hills>^  with,  eruptumropenings  sm^ 
XQunded  .by  colnmnaT;  ba^t.    . 

More  eastward,  and  almost  in  the  same  latitude,  we  o^met 
tx>  Kerguelen'sk  island  (Cook's  Island  of  Desolation),  for  the 
first  geological  ac^Qunt  o£  which  we  are  indebted  to  the  mo 
oessful.  and  important:  expedition  of  Sir  James-  Boss.  In  the 
harbour  called,  by  Cook  Christmas  Harbour  (lat.  48°  4Jf, 
lon^.  60°  2'),  baeaUio.  laras^  several  feet  thick,  are  found  em;? 
clbsmg  the  fossil  trunks  of  trees ;  there  also  is  seen  the  sin* 
gular.  and  -pictureoqyie  Arched  Rock,  a  natural  passage  through 
a  narrow  projecting  wall  of  basalt.  In  the  neighbourhood 
are  conical-mountains,  the  highest  of  which  riseito  2664  feet, 
with  extinct  craters, —  masses  of  green-stone  and  porphyry, 
traversed  by  beds  of  basalt, — and  amygdalaid  with  drusy 
masses  of  quarts-  at  Cumberland' Bay.  The  most  remarkable 
of  all  are  the  numerous  beds  of  coal,  covered  with  trap-roc^ 
(dolerite,  as  at  Meissner  in  Hessian  P),  of  a  thickness  of 
fitgn  a  f<few  inches  to  four  feet  at  iie  outcrop." 

If  we  take  a  general  survey  of  the  Indian  Ocean,  we  shall 
find  the  north-westerly  extremity  of  the  Sunda  range  in 
Simiatray  which  is  curved,  carried  on  through  the  Nicobars 
and  the  Great  and  Little.  Aindamans,  while  the  volcanoes  of 
Sarren  Island,  Narcondam,  and  Cheduba,  abnost  parallel 

temps-Besupr^  adds  in  hi&  atlfts-a-  copy  of  the  thickly-wooded  ial^nd 
of  Amsterdam  from  Valentyn.  I  may  here  observe  that  the  oel«h 
bsated  navigator,  Abel  Tasmao  having  ia  1642,,  along  with  Middel- 
burgi  called  the  island  of  Ton^^Tibu  (lat.  21^'')  in  the  Tonga  grou]|^ 
by  the  name  of  Amsterdatn  (Burney,  ChronQlog^  Sist.of  the  Voyage$ 
cmd  Dmoveriea  in,  the  Sovlh  i^a  or  Pacific  Ocean,  Part  iii,  pp.  81  and 
437) ;  he  1ms  also  been  son^etimes  erroneously  cited  as  the  discoverer 
61  Amsterdam  and  St.  Paul  in  th^  Indian  OiB^aB.  See  Leidenfrost, 
Mietor.  ffimdworteniuch^  Bd.  v,  s*  310. 

^  Sir  James  Ross,  Vogage  in  the  Southern  and  Antarctic  Regtiont, 
■W)l.  i,  pp.  46,  and  ^(^-^6, 

«  JMd,  p.  63t-82. 

Uc  2 


3d$  COSMOS. 

to  the  coasts  of  Malacca  and  Tenasserim,  raa  into  the 
eastern  portion  of  the  Baj  of  Bengal  Along  the  shores  of 
Orissa  and  Coromandel,  the  eastern  portion  of  the  hay  is 
destitute  of  islands,  the  great  island  of  Ceylon  bearing,  like 
that  of  Madagascar,  more  of  the  chsuracter  of  a  continent. 
Opposite  the  western  shore  of  the  Indian"  peninsula  (the 
elevated  plain  of  Neilgherry  and  the  coasts  of  Oanara  and 
Malabar)  a  range  of  three  archipelagos  lying  in  a  direction 
from  north  to  south,  and  extending  from  14°  north  to  8** 
south  latitude  (the  Laccadives,  the  Maldives,  and  the  Chagos) 
is  connected  by  the  shallows  of  Sahia  de  Malha  and  Car^ 
gados  Carajos  with  the  volcanic  group  of  the  Mascareignes 
and  Madagascar.  The  whole  of  this  chain,  so  far  as  can  be 
seen,  is  the  work  of  coral-polypes, — ^true  AtolUj  or  lagoon- 
ree& ;  in  accordance  with  Darwin's  ingenious  conjecture 
that  at  this  part  a  large  extent  of  the  floor  of  the  ocean 
forms,  noir  an  area  of  upheaval,  but  an  area  of  subsidence. 

Vni.  The  South  Sea,  or  Pacific. 

If  we  compare  that  portion  of  the  earth's  surface  now 
covered  with  water  with  the  aggregate  area  of  the  terra 
firma,  (nearly''*  in  the  proportion  of  2.7  to  1),  we  cannot  but 
be  astonished  in  a  geological  point  of  view  at  the  small 
number  of  volcanoes  which  still  continue  active  in  the 
oceanic  region.  The  South  Sea,  the  superficies  of  which  is 
nearly  one-sixth  greater  than  that  of  the  whole  terra  firma 
of  our  planet, — which  in  the  equinoctial  region,  from  the 
archipelago  of  Gralapagos  to  the  Pellew  Islands,  is  nearly 
two-fifths  of  the  whole  circumference  of  the  earth  in  breadth, 
— exhibits  fewer  smoking  volcanoes,  fewer  openings  through 
which  the  interior  of  the  planet  still  continues  in  active 
communion  with  its  atmospheric  envelope  than  does  the 
single  island  of  Java.  Mr.  James  Dana,  the  talented  geo- 
logist of  the  great  American  exploring  expedition  (1838 — 
1842),  under  the  command  of  Charles  Wilkes,  basing  his 
views  on  his  own  personal  investigations,  aided  by  a  careful 
comparison  of  all  previous  reliable  observations,  and  espe- 

*  The  result  of  Prof.  Rigaud*s  levellings  at  Oxford,  according  to 
Halley '8  old  method.    See  my  ^«ie  C7«»^raZ0,  t.  i,  p.  189.. 
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ciallj  by  a  comprehensive  examination  of  the  different  opH 
nions  on  the  forms,  the  distribution  and  the  axial  direction 
of  the  island  groups,  on  the  character  of  the  dijQferent  kinds  of 
rocks,  and  the  periods  of  the  subsidence  and  upheaval  of  ex-* 
tensive  tracts  of  the  floor  of  the. ocean,  has  the  indisputable 
merit  of  having  shed  a  new  light  over  the  island-world  of 
the  South  Sea.  In  availing  myself  of  his  work,  as  well  as 
of  the  admirable  writings  of  Charles  Darwin,  the  geologist  of 
Captain  Fitzroy's  expedition  (1832 — 1836),  without  tdways 
particularizing  them,  I  trust  that  the  high  respect  in  which 
I  have  for  so  many  years  held  those  gentlemen,  will  secure 
me  fix)m  the  chance  of  having  my  motives  misinterpreted. 

It  is  my  intention  to  avoid  altogether  the  divisional  terms 
of  Polynesia,  Micronesia,  Melanesia,  and  Malaisia,^  which 
are  not  only  extremely  arbitrary,  but  founded  on  totally 
different  principles  drawn  &om  the  number  and  size,  or  the 
complexion  and  descent  of  the  inhabitants,  and  to  com* 
mence  the  enumeration  of  the  still  active  volcanoes  of  the 
South  Sea  with  those  which  lie  to  the  north  of  the  equator. 
I  shall  afterwards  proceed  in  the  direction  from  east  to 
west  to  the  islands  situated  between  the  equator  and  the 
parallel  of  30*^  south  latitude.  The  numerous  basaltic  and 
trachytic  islands,  with  their  countless  craters,  formerly  at 
different  times  eruptive,  must  on  no  account  be  said  to  be 
indiscriminately  scattered.^  It  is  admitted  with  respect  to 
the  greater  number  of  them  that  their  upheaval  has  taken 

^  D'Urville,  Voy.  de  la  Corvette  V Astrolabe,  1826—1829,  Atlas,  pi  I 
— 1st,  Polynesia  is  considered  to  contain  the  eastern  portion  of  the 
South  Sea  (the  Sandwich  Islands,  Tahiti,  and  the  Tonga  Archipelago ; 
and  also  New  Zealand);  2nd,  Micronesia  and  Melanesia  form  the  west- 
em  portion  of  the  South  Sea ;  the  former  extends  from  Kauai,  tho 
westernmost  island  of  the  Sandwich  group,  to  near  Japan  and  the 
Philippines,  and  reaches  south  to  the  equator,  comprehending  the 
Marians  (Ladrones),  the  Carolinas  and  the  Pellew  Islands ;  8rd,  Me* 
lanesia,  so  called  from  its  dark-haired  inhabitants,  bordering  on  the 
Malaisia  to  the  north-west,  embraces  the  small  archipelago  of  Viti,  or 
Feejee,  the  New  Hebrides  and  Solomon's  Islands ;  likewise  the  larger 
islands  of  New  Caledonia,  New  Britain,  New  Ireland,  and  New 
Guinea.  The  terms  Oceania  and  Polynesia,  often  so  contradictory  in 
a  geographical  point  of  view,  are  taken  from  Malte-Brun  (1813)  and 
from  Lesson  (1828). 

^  "  The  epithet  scattered,  as  applied  to  the  islands  of  the  ocean  (in 
the  arrangement  of  the  groups)  conveys  a  yer^  incorrect  Idea  of  their 


phbte  6TL  widely  extends 'fisRsttt^s  and  sdb&mrine  in<c)tuitdi&- 
chains,  which  ran  in  directions  goremed  by  foed  laws  tS 
re^on  and  'grtyaping,  and^hiiih,  jxsst  as  we  see  in  the  conti- 
nental mottiltain^chamB  of  Central  Asia,  and  of  the  OaticastEBi, 
belong  to  different  systems ;  bnt  the  circcunstances  whieh 
govern  'the  area  over  'which  at  aij^y  one  particular  time  ^ib 
openingsare  'simultaneously  active,  ytrobably  depend,  firom 
the  ^eartremeiy  limited  number  of  such  openings,  on  entirely 
locsEil  disturbances  to  whidi  the  conducting  fissures  are  sub- 
jected. The  attempt  to  draw  lines  through  three  now 
simultaneously  active  volcanoes,  whose  respective  distances 
amount  to  between  ^460  and  '^000  geographical  mUea 
asttnder,  without  any'intervening  cases  of  eruption  (1  refer 
to  three  volcanoes  now  in*  a  state  of  ignition, — -iSfouna  Loa, 
with'Kllauea  on  its  eastern  decHvity, — the  cone-mountain 
of  Tanna,  *in  'the  new  Hebrides ;  and  Assumption  Idland  in 
the  North  TLadrones),  would  afford  us  no  information  in 're- 
gard to  the  general  formation  of  volcanoes  in  the  basin  of 
the  South  Sea.  The  case  is' quite  different  if  "we  limit  our- 
selves to  single*  groups  of  islands,  and  look  back  to  lemote, 
perhaps  pre^historic,  epochs  when  the  ntmierons  linearly 
arranged,  though  now  e:2ttinct,  craters  of  i^e  Ladronai 
(Marian  Islands),  the  Kew  Hebrides  and  the  SolomonSs 
Islands  were  active,   but  which  certainly  did  not  become 

pontioilB.  There  18  a  system  in  their  arrangement  as  regular  as  fa 
ihe  mountain  heights  of  a  continent,  and  ranges  of  eleyation  are  indi- 
cated, as  grand  and  extensive  as  &nj  continent  presents."  Geohgy, 
by  J.  Dana,  United  States*  Eocploring  Expedition,  under  command  of 
Charles  Wilkes,  vol.  x,  (1849)  p.  12.  Dana  calculates  that  fhere  am 
in  the  whole  of  the  South  Sea,  exclusive  of  the  small  roek-islandQ, 
about  S50  basaltic  or  trachytic  and  "290  coral  islands.  He  divides 
them  into  twenty-five  groups,  of  which  nineteen  in  the  centre 
have  the  direction  of  their  axis  N.  50^ — 60^  W.,  and  the  remaining 
ISr.  20° — 30**  E.  It  is  particularly  remarkable  that  these  numerous 
islands,  with  a  few  exceptions,  such  as  the  Sandwich'Islands  and  New 
Zealand,  all  lie  between  23*"  23'  of  north  and  south  latitude,  and  tha4 
there  is  such  fin  immense  space  devoid  Of  islands  eastward  from  the 
'^dndwich  and  the  Kukahiva  ^oups  as  far  «w  the  Ammoan  shores  of 
liexico  and  Peru.  Dana  likewise  draws  'attention  to  a  eircumstanae 
■which  forms  a  contrast  to  the  insignificant  number  of  the  now  active 
Volcanoes,  namely/that  if,  as  is  probable,  the  Coral  Islands,  whenlylxig 
between  entirely  basaltic  islands,  have  likewise  a  basaltic  foundation, 
the  number  of  submarine  and  subaSrial  volcanic  openiogs  m^y  be  esti- 
xn&ted  at  more  than  a  thousand  (pp.  17  and  24). 


TRUE  irOOUSKNOES.  891 

gradually  extiiiguisiied  in  a  directioii  either  ^m  socrtlH 
oast  to  north->vest  or  irom  ^north  to  Boutii.  Though  ? 
here  name  only  ToLcanic  island-chains  of  -the  'high  seas,  y4A 
€he  AleutVB  and  oiher  true  eoastiaxL  idscndB  *are  analogous 
to  them.  Qenfiiral  conclusions  as  to  -thcflireofcion  df  -a  cool- 
ing process  are  deceptive,  as  the  state  *of  the  'conducting 
medium  must  operate  temporarily  upon  it^-accoitiing  as  ItiB 
orpen  or  interrupted. 

Mouna  Loa,  ascertained  by  the  exact  measurement  xif 
the  American  exploring  expedition  under  Captain  Wilkes 
to  be  13,756  feet  in  hei|^t,  and  consequently  1600  feet 
higher  tlwuithe  Peak  Of  Teneriffe,  is  the  largest 'volcano  t)f 
the  South  *Bea  Islands,  and  the  oiOy  one  that  still  remaiiBi 
ireally  acffcive  in  the  whole  volcanic  archipelago  of  ♦the  Hawaii 
or  ^Sandwich  Islands.  7he  summit-oraters,  the  largest 
aS  which  is  nearly  l&,O0f)  Yeet  in  diameter,  exhibit  in 
their  ordinary  state  a  solid  Hbottom,  eomposed  of  hardened 
lava  and  seorice,  out' of  which  rise  small  cones  of  eruption, 
exhaling  ^vapour.  TRie  summit  opemngs  are  on  the  whole 
not  very  active,  though  in  June  1832  and  in  January 
1643,  th^  emitted' eruptions  of  several  weeks'  duration,  and 
even  streams  of  lava  of  from  20  to  28  geographical  miles  in 
length,  extending  to  the  foot  of  Moima  Kea.  The  &11  (in- 
iciination)  -of  the  perfectly  connected  flowing  streani*'  was 
chiefly  6°,  frequently  10°,  15°,  and  «ven  25°,  The  conforaaa- 
*tion  jof  the  Mouna  Loa  is  very  remarkable  from  the  oircum- 
JBtance  of  its  having  no  cone  of  ashes,  like  the  Peak  of 
Teneriffe,  Cotopaxi,  and  so  many  other  volcanoes ;  it  is 
likewise  almost  entirely  deficient  in  pumice*'  though  the 
landdsh-grey,  and  more  tracbytic  than  basaltic,  1«to8  of  the 

*  See  Cosmos f  vol.  v,  p.  250,  note  55. 

86  Dana,  Geology  qf  the  U.  St.  Explor.  J&pcdL,  pp.  20B  and  210. 

^  'Dana,  pp.  19^  and  201.  Tke  absence  of  cinder-conesis  likewise 
very  remarkable  in  those  volcanoes  of  the  'Eifel  which  emit  stroaniB  df 
lava.  Reliable  information,  however,  received  by  the  Missionary  DiSy- 
ble  from  themouths  of  eye-witnesses,  proves  that  an  eruption  of  ashes 
toay  notwithstanding  occur  from  the  summit-crater  of  Mouna  Loa,  ior 
'lie  was  told  that,  during  the  war  carried  on  by  ^Kamehameha  against 
the  insurgents  in  the  year  1789,  an  eruption  Of  hot  ashes,  accompanied 
by  an  earthquake,  enveloped  the  surrounding  country  in  the  darkneas 
w  night  (p.  183).  On  the  volcanic  glass  threads  (the  hair  of  the  god- 
dess Pele^  who  before  she  went  to  settle  at  Hawaii  iiihabited  tbo  nonr 


sominit  abound  in  felspar.  The  extraordinary  fluidity  of 
the  lavas  of  Monna  Ixml,  whether  issuing  from  the  sommit- 
crater  (Mokna-ireo-ireo)  or  from  the  sea  of  lava  (on  the 
eastern  decliyitj  of  the  volcano,  at  a  height  of  onlj  3969  feet 
above  the  sea),  is  testified  bj  the  glass  thready  sometimes 
smooth  and  sometimes  crisped  or  corled,  which  are  dispersed 
by  the  wind  all  over  the  island.  This  hair  glauj  which  ia 
luewise  thrown  oat  bj  the  volcano  of  Bourbon,  is  called 
Pel^M  hair  bj  the  Hawaiians,  after  the  tutelarj  goddess  of 
the  coontiy. 

Dana  has  abty  demonstrated  that  Moona  Loa  is  not  the 
central  volcano  of  the  Sandwich  Islands^  and 'that  Kilaaea  is 
not  a  sol&tara."  The  basin  of  Kilanea  is  16,000  feet  (about 
2-|  geographical  miles)  across  its  long  diameter,  and  7460 
feet  across  its  shorter  one»  The  steaming,  bubbling,  and 
foaming  mass  which  forms  the  tme  lava-pool  does  not, 
however,  nnder  ordinary  circamstanoes,  fill  the  whole  of 
this  cavity,  but  merely  a  space  whose  long  diameter  mea- 
sures 14,000  feet  and  its  breadth  5000  feet  The  descent  to 
the  edge  of  the  crater  is  graduated.  This  great  phenomenon 
produces  a  wonderful  impression  of  silence  and  solemn  re» 
pose.  The  approach  of  an  eruption  is  not  here  indicated 
by  earthquakes  or  subterranean  noises^  but  merely  by  a 
sudden  rising  and  falling  of  the  surfitce  of  the  lava,  some«> 
times  to  the  extent  of  from  300  or  400  feet  up  to  the 
complete  filling  of  the  whole  basio.  I^  disr^arding  the 
immense  difference  in  size,  we  were  to  compare  the  gigantic 
basin  of  Kilauea  with  the  small  side-craters,  (first  described 
by  Spallanzani),  on  the  declivity  of  Stromboli  at  four-fifths 
of  the  height  of  the  mountain,  the  summit  of  which  haa 

extinct  volcano  of  Hale-a-Eala — or  the  House  of  the  Sun— on  the  island 
of  Mani).    See  pp.  179  and  199—200. 

"  Dana,  p.  205.  "The  term  SdfoJtwra  is  wholly  misapplied  A 
•olfatara  is  an  area  with  steaming  fissures  and  escaping  sulphur  yapours^ 
and  without  proper  lava  ejections ;  while  Kilauea  is  a  vast  crater  with 
extensive  lava  ejections  and  no  sulphur,  except  that  of  the  sulphur 
banks,  beyond  what  necessarily  accompanies,  as  at  Vesuvius,  violent 
volcanic  action."  The  structiual  frame  of  Elilauea,  the  mass  of  th» 
great  lava-basin,  consists  also,  not  of  beds  of  ashes  or  fragmentary 
rocks,  but  of  horizontal  layers  of  lava,  arranged  like  lime-stone.  Dana^ 
p,  193.  (Compare  Straelecki,  Phy9,  Jktcr.  of  New  Souih,  Wala,  1845^ 
p,  105— lllX 
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no  opening — ^that  is  to  sa,j,  with  basins  of  boiling  lava  of 
from  30  to  200  feet  in  diameter  only — we  must  not  forget 
that  the  fiery  gulfs  on  the  slope  of  Stromboli  throw  out 
ashes  to  a  great  height,  and  even  pour  out  lava.  Though 
the  great  lava-lake  of  Kilauea  (the  lower  and  secondary 
crater  of  the  active  volcano  of  Mouna  Loa)  sometimea 
threatens  to  overflow  its  margin,  yet  it  never  actually  runa 
over  so  as  to  produce  true  streams  of  lava.  These  occur  by 
currents  from  below,  through  subterranean  channels,  and 
the  formation  of  new  eruptive-openings  at  a  distance  of 
from  16  to  20  geographical  miles,  consequently  at  points 
very  much  lower  than  the  basin.  After  these  eruptions^ 
occasioned  by  the  pressure  of  the  immense  mass  of  lava 
in  the  basin  of  Eolauea,  the  fluid  surface  sinks  in  the 
basin.** 

Of  the  two  other  high  mountains  of  Hawaii,  Mouna  Lea 
and  Mouna  Hualalai,  the  former  is,  according  to  Captain 
Wilkes,  190  feet  higher  than  Mouna  Loa*  It  is  a  conical 
mountain  on  whose  summit  there  no  longer  exists  any 
terminal-crater,  but  only  long  extinct  mounds  of  scorisQ^ 
Mouna  Hualalai*  is  fully  10,000  feet  high,  and  is  still  bumr 
ing.  In  the  year  1801  an  eruption  took  place^  during  which 
the  lava  reached  the  sea  on  the  western  side*  It  is  tQ 
the  three  colossal  mountains  of  Loa»  £ea  and  Hualalai, 
which  rose  from  the  bottom  of  the  sea,  that,  the  island  of 
Hawaii  owes  its  origin.  In  the  accounts  given  of  the  nume* 
rous  ascents  of  Moima  Loa,  among  which  that  of  the  expedi*- 

^  This  remarkable  sinking  of  the  surface  of  the  lava  is  confirmed 
by  the  relations  of  numerous  voyagerE,  from  Ellis,  Stewart^  and  Doug^^ 
las  to  the  meritorious  Count  Strzelecki,  Wilkes's  expedition  and  th* 
remarkably  observant  Missionary  Coan.  During  the  great  eruption  of 
June,  1840,  the  connection  of  the  rise  of  the  lava  in  the  Kilauea  with 
the  sudden  inflammation  of  the  crater  of  Arare,  situated  so  far  below 
it,  was  most  decidedly  shown.  The  disappearance  of  the  lava  poured 
forth  from  Arare,  its  renewed  subterranean  course,  and  final  re-ap- 
pearance in  greater  quantity,  do  not  quite  admit  of  an  absolute  con^ 
elusion  as  to  identity  because  numerous  lava-yielding  longitudinal 
fissures  opened  simultaneously  below  the  line  of  the  floor  of  the 
Kilauea  basin.  It  is  likewise  very  worthy  of  observation,  as  bearing 
on  the  internal  constitution  of  this  singular  volcano  of  Hawahi,  thai 
in  June,  1832,  both  craters,  that  of  the  summit  and  that  of  Kilauea, 
poured  out  and  occasioned  streams  of  lava,  so  that  they  were  simul'^ 
taneously  active,    (Compare  Dana,  pp.  184,  188,  193,  and  196). 
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tion  of  OapftAxn  Wilkes  was  based  on  iirrestigations  of  twBnty- 
eight  days*  duration,  mention  is  made  Y>f  £bUs  of  snow  witli » 
degree  of  tx>ld  from  23  to  17|^  F.  abe^e  'zero,  and  of  single 
patches  of  snow,  which  codld  bedistingnished  with  ihe  aid 
<»f  the  telescope  at  the  stimmit  of  the  Tdlcano,  bat  nothing 
iei  ev€r  said  of  perpetual  snow."  i  have  already  observed  in 
a  former  part  of  this  work  that  the  Mouna  Loa  (13,758  feet) 
and  the  Metma  Kea  (13,950  feet)  are  respectively  more  than 
1000  and  821  feet  lower  tban  the  lowest  limit  of  perpetual 
snow  as  found  by  me  in  the  continental  mountains  of  MezieD 
under  19^°  latitude.  On  a  small  island  the  line  of  perpetccLl 
snow  should  lie  somewhat  lower,  on  account  of  tl^  less  ele- 
Tated  temperature  of  the  lower  strata  of  air  in  ^le ''hottest 
season  of  tbe  tropical  %one,  and  on  accoimt  of  ihe  greater 
<}uantity  of  water  held  in  solution  in  the  upper  atmosphere. 

The  Toloanoes  of  Tafoa*  and  Amargurai*  in  the  Toi^a- 
gronp  are  both  axjtire,  and  the  latter  had  a  considerable 
eruption  of  lava  <m*the  9th  of  July  1"847."  It  is  extrem^y 
xemarkable  and  is  in  entire  accordance  with  the  stories  (S 
ike  coral  animals  avoiding  the  shores  of  volcanoes  eitber 
Bt'tbe  time  or 'shortly  before  in  a  state  of  ignition,  that  tke 
Tonga  islands  of  Tafoa  and  the  cone  of  £ao,  w^hich  abound 
in  coral-reefs  are  entirely  destitute  of  those  creatures." 

ISText  follow  the  volcanoes  of  Tanna*  and  Ambrym,*  tbm 
latter  westward  of  Mallicollo  in  the  archipelago  of  the  New 
Hebrides.  The  volcano  of  Tanna,  first  described  by  Rein- 
iiold  Forster,  was  found  in  a  ftill  state  of  eruption  on  Cook^ 
discovery  of  the  island  in  1774.  It  has  since  remained  con- 
stantly active.  Its  height  being  only  458  feet,  it  k  one  of 
the  lowest  fire-emitting  cones,  along  with  the  volcano  of 
Mendana,  bereafber  to  be  noticed,  and 'the  Japanese  volcano 
of  Kosima.  There  is  a  great  quantity  of  pumice  on  Mall- 
icollo. 

Matthiew^s  Eock  ;  *  a  very  small  smoking  rod^-island, 
about  1188  feet  high,  the  eruption  6f  which  warn  observed 

*w  Wilkes,  pp.  114,  140,and  l'S7;'Dafla,  p.'^l.  From  the  pet- 
^tual  traDsmutation  of  the  r  and  the  I,  llauna  Loa  is  often  written 
Koa,  and  Kilauea,  Kirauea. 

*•!  Dana,  pp.  25  and  138. 

'•2  Dana,  Geology  of  the  XT.  States  'SxpUfmpg  Sxped.,  p.  138.  (See 
Darwin,  Structwre  of  Coral  Reefiy  p.  60). 
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by  pn[Jrvil!e  in  Jaiittary  1828.  It  Hbs  -^stward  tif  &xe 
southern  point  of  Ne^r -Oaledonm. 

The  volcano  *df  dinakotti*  in  the  group  of  Van&oro  err 
Sftnta  Cruz. 

In  the  same  ttwhipelago  of  Banta  Cruz,  ftilly  80  geo- 
graphical miles  NIT.W.  Of  Tinakoro,  the  volcano*  seen  by 
Mendann  so  early  ^as  i595,  rises  out  of  the  sea  to  a  height  <M 
about  213  ie&t  (lat.  10°  28'-B.).  Its  eruptionB'have  some- 
times been  peaaodicfal,  occurring  every  ten  minutes,  and  at 
other  times,  as  on  the  occasion  of  the  expedition  of  D'Eutre- 
casteaux,  the  crater  feelf  and  the  column  of  vapour  wewe 
indistinguishable  from  each  other. 

In  the  Solomon's-^oup  the  ^volcano  of  the  iskaid  ^ 
Sesarga"^  is  in  a  state  of  ignition.  On  t^e  mmt  of  Guadal- 
(fiafiar,  in  this  nei^bour^ood,  and  therefore  -also  tft  'the 
flonth-east  end  of  the  long  range  of  islands  towards  ifhft 
V'anikoro  or  Santa  Cruz  group,  volcanic  eruptive  action 
has  likewise  been  observed. 

In  the  Ladrones,  or  Mamn  Islands,  at  the  north  endof 
^cTange,  'which  seems  to  liave  been  up^heaved  from  a  mecn- 
xKan  fissure,  Guguan,'*  Pagon,*  and  the  Velcem  ywmrfe  <9r 
Asuncion  lore  said^  be 'still  in, *  state  of  activity. 

The  direction  of  the  coa^te  of -the  small  continent  of  New 
fiolland,  and  particularly  the  deviation  from  that  "direction 
•eeu  in  the  east  coast  in  25°  south  latitude  (between  Oape  ^er- 
vey  and  Moreton  Bay),  seem  to  be  reflected  inthezone  of' th» 
neighbouring  eastern  islands.  The  great  southern-island  oT 
New  ^aland,  and  the  -Kermadec  aiiSi  Tonga  groups  stretch 
jfrom  the  south-west  to  the  north-^ast,  while,  on  the  other 
hand,  l^e  northern  portion  of  the'norMi  isfend  of  New  Zear- 
land  (from'the  Bay  of  Pleutyto'Oape'Ot<m),  New  Caledonia 
aaad  New  Guinea,  the  New  Hebrides,  the  Solomon's  IsJes^ 
^sFew  Ireland  and  New  Britain  nm  in  a  direction  from  south* 
«a&t  to  north-west,  chi<6fly  N.  48°  W.  Leopold 'von  Bucl?* 
•first  drew  'attention  to  this  relation  between  continental 
masses  and  neighbouring  islands  in  the  Greek  Archipek^ 
^aosd  the  Australian'  Coral 'Sea.  The  islands  of  the  latter  sea> 
teo^are  not  deflcient,-as  bodi  Forster  (Cook's -companion)  aend 
'La  Billardi^reformerly  observed,  in  granite  and  mioa^datie^ 

'^  Ldop.  von  ]E(uch,  Description  phys.  desUes  Ganaaies,  '1S36,  pp.d9S 
and  403—406. 
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the  quartzoae  rocks  formerly  called  primeyal,  Dana  has  like^^ 
wise  collected  them  on  the  northern  island  of  New  Zealand^ 
to  the  west  of  Tipuna,  in  the  Baj  of  Islands.** 

Kew  Holland  exhibits  only  on  its  southern  extremity 
(Australia  Felix),  at  the  foot  and  to  the  south  of  the  Gram- 
pian Mountains,  fresh  traces  of  former  igneous  action,  fov 
we  learn  from  Dana  that  a  number  of  volcanic  cones  and  de^ 
posits  of  laya  are  found  to  the  north-west  of  Port  Phillips 
as  also  in  the  direction  of  the  Murray  river  (Dana,  p.  453)» 

On  Kew  Britain*  there  are  at  least  three  cones  on  the 
west  coast,  which  have  been  observed  within  the  historical 
era,  by  Tasman,  Dampier,  Carteret  and  La  Billardi^re,  in  ,a 
state  of  ignition  and  throwing  out  lava. 

There  are  two  active  volcanoes  on  New  Guinea,*  on  th^ 
north-eastern  coast,  opposite  New  Britain  and  the  Admiralty 
Islands,  which  abound  in  obsidian. 

In  New  Zealand,  of  which  the  geology  of  the  north  island 
at  least,  has  been  illustrated  by  the  important  work  of  Ernst 
Dieffenbach,  and  the  admirable  investigations  of  Dana,  ba- 
saltic and  trachytic  rocks  at  various  points  break  through  the 
generally  diffused  plutonic  and  sedimentary  rocks^  This  ex- 
ample is  the  case  in  a  very  limited  area  near  the  Bay  of  Islands 
(lat.  35°  2'),  where  the  ash-cones,  crowned  with  extinct  craters, 
Turoto  and  Poerua  rise ;  and  again,  more  to  the  south-east, 
(between  37-^°  and  39^°  lat.),  where  the  volcanic  floor  rung 
quite  across  the  centre  of  the  north  island,  a  distance  of  motfi 
than  160  geographical  miles  from  north-east  to  south-west^ 
Jfem  the  Bay  of  Plenty  on  the  east  to  Cape  Egmont  on  the 
west.  This  zone  of  volcanic  action  here  traverses,  (as  we 
Jiave  already  seen  it  to  do  on  a  much  larger  scale  in  the  Mexi- 
can Continent)  in  a  diagonal  fissure  from  north-east  to  south* 
west,  the  interior  chain  of  mountains  which  runs  lengthwise 
in  a  north  and  south  direction,  and  which  seems  to  give  its; 
form  to  the  whole  island.  On  the  ridge  of  this  chain  standi 
as  it  were,  at  the  points  of  intersection,  the  lofty  cone  of  Ton- 
gariro*  (6198  feet),  whose  crater  is  found  on  the  top  of  the 
ash-cone,  BidwiU,  and,  somewhat  more  to  the  south,  Buapahi;i 

^  See  Dana,  ibid.  p.  438—446,  and  on  the  fresli  traces  of  anient  vol- 
canic action  in  New  Holland,  pp.  453  and  457 ;  also  on  the  many  basal- 
.^c  columns  in  New  South  Wales  and  Van  Diemen's  Land,  p.  495 — 6J0  j, 
nd  E.  de  Strzelecki,  Pkyi,  Deicr,  of  New  South  Walet,  p,  112. 
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{90O6  feet).  The  north-east  end  of  the  zone  is  formed  in 
the  Bay  of  Plenty  (lat.  38J-),  by  a  constantly  smoking  solfa- 
tara,  the  island-volcano  of  Puhia-i-wakati*"*  (White  Island). 
Next  follow  to  the  south-west,  on  the  shore  itself,  the  extinct 
volcano  of  Putawaki  (Mount  Edgecombe),  8838  feet  high, 
probably  the  highest  snowy  mountain  on  !N'ew  Zealand,  and 
in  the  interior,  between  Mount  Edgecombe  and  the  still 
burning  Tongariro,*  which  has  poured  fourth  some  streams 
of  lava,  a  lengthened  chain  of  lakes,  partly  consisting  of 
boiling  water.  The  lake  of  Taupo,  which  is  surroimded  by 
beautiful  glistening  leucite  and  sanidine  sand,  as  well  as  by 
mounds  of  pumice,  is  nearly  24  geographical  miles  long,  and 
lies  in  the  centre  of  the  north  island  of  New  Zealand,  at  an 
elevation,  according  to  Dieffenbach,  of  1337  feet  above  the 
eurface  of  the  sea.  The  ground  for  two  English  square 
miles  round,  is  entirely  covered  with  solfataras,  vapour-holes, 
and  thermial-springs,  the  latter  of  which  form,  as  at  the  Gey- 
ser in  Iceland,  a  variety  of  siliceous  precipitates**.  West- 
ward of  Tongariro,*  the  chief  seat  of  volcanic  action,  whose 
crater  still  ejects  vapours  and  pumice  stone  ashes,  and  at  a  dis- 
tance of  only  sixteen  miles  from  the  western  shore,  rises  the 
volcano  of  Taranaki  (Mount  Egmont),  8838  feet  high,  which 
was  first  ascended  and  measured  by  Dr.  Ernst  Dieffenbach  in 
November,  1840.  The  summit  of  the  cone,  which  in  its  out- 
line more  resembles  Tolima  than  Ootopaxi,  terminates  in  a 
plain,  out  of  which  rises  a  steep  ash-cone.  No  traces  of 
present  activity,  such  as  are  seen  on  the  volcano  of  the  White 
Island*  and  on  Tongariro*  are  visible,  nor  any  connected 
•stream  of  lava.  The  substance  composed  of  very  thin  scales, 
and  having  a  ringing  sound,  which  is  seen  projecting  with 
shurp  points  like  fish-bones,  from  among  the  scorise,  in  the 
same  manner  as  on  one  side  of  the  Peak  of  Tenerifie,  re- 
sembles porphyritic  schist,  or  clink-stone. 

A  narrow,  long-extended,  uninterrupted  accumulation  of 
ialand-gi'oups,  erupted  from  north-western  fissures,  such  as 

^  Ernest  Dieffenbach,  Travds  in  New  Zealand^  1843,  vol.  i,  pp.  337, 
955  and  401.  Dieffenbach  calls  White  Island  "a  smoking solfatara,  but 
vtill  in  volcanic  actiyity"  (pp.  358  and  407)^  and  on  the  charts  ''  in  con- 
ianual  ignition." 

«  Dana,  pp.  445—448 ;  DieflTenbach,  vol.  i,  pp.  331 ;  339—341  and  897 
On  Mount  E^^ont,  pee  toL  i,  pp.  131 — 157. 
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Nev  Caledonia  and  New  Guinea,  the  New  Hebrides,  and 
Solomon's  Island,  Pitcaim,  Tahiti  and  the  Patunotu  iB&nds^ 
traverses  the  groat  Ocean  in  the  Southern  hemisphere  in  St 
<HrQction  firom  west  to  east,  for  a  length  of '5400^  geographj* 
cal  miles,  between  the  parallehr  of  •  Latitude  of  12**  and  27^ 
from  the  meridian  of  the  east  coast-  of  Australia  as  far  as 
ISsister  Island,  and  the  rock  of  Sala  j^GomeK^  The  western 
portions  of  this  crowd  of  islands  (New  Brifein**  the  New- 
Hebrides,*  Tamkoro*  in  the  Archipelftgo  of  Stota  Cruz,  and 
the  Tonga-group*)  exhibit  at-  the  present  time  in  the  middl€i 
of  the  nineteenth  century,  inflammation,  and  igneous  action^ 
New  Caledonia,  though  surrounded'  by  basaltic  and*  other 
volcanic  islands,  has  nevertheless  nothing  but  Plutonic  rock,* 
9»  is  the  case  with  Santa  Maria**  in  the  Azores,  according  ti> 
Leopold  von  Buch,  and  with  Flores  and  Graciosa,  according 
to  Cbunt  Bedemar.  It  is  to  this  absence  of  volcanic  actios 
in  New  Caledonia,  where  sedimentary  formations  with  seams 
of  coal  have  lately  been  discovered,  that  the  great  dfevelope- 
ment  of  living  coral  reefii  on  its  shores  is  ascribed;  The  Ar*. 
dbipelago  of  the  Viti,  or  Feedjee  Ifelands  is  at  once  basaltid 
and  trachytic,  though  distinguished  only  by  hot  springs  in 
the  Savu  Bay  on  Tanua  Lebu**  The  Samoa  gijoup  (Navi* 
gator's  Islands),  north-east  of:  the  Feedjee  Islands,  and  nearijr 
north  of  the  still' active  Tonga-archipelago  is  likewise  basalr 
tiic,  and  is  moreover  characterised,  by.  a  countless  number 
of  eruption-craters  lineariy  arranged^  which  are  surround^ 
by  tufa-bedi3  with  pieces  of  coral  baked  into  them.  The  Peak 
of  Tafua,  on  the  island  of  TJpolu,  one  of'the  Samoa-group, 
presents  a  remarkable  degree  of  geognostic  interest.  It  must 
not,  however,  be  confbunded  with  the  still  enkindled  peak  of 
Ta^a,  south  of  Amargura  in  the  Tongararchipelago.  The 
Peak  of  Tafua  (2138feet),  which  Dana  first  i<»  asceuded  and 
measured,  has  a  large  crater  entirely  filled  with  a  thick  forest;^ 

97  DarwiB,  Volcamc  Islands^  9*  1^ ;  Daii%  p.  140.. 

^  L»  de  Buch,  Dewn',  des  I.  Gan,  p.  365,  On  the  three  islsmdajtifr* 
named,  however,  phonolite  and  basaltic  rock  are  also  found  along  with 
plutonic  and  sedimentary  strata  But  these  rookaJtoay.  bare  made  their 
Wppearaoce  above  the  surface  of  the.  sea.  on  the  fir&t  v<dcanie  up-he97al 
of  the  island  from  the  bed  of  the  ocean.  No  traces  are  said  to  huT* 
been  found  of  fiery  eruptions  or  of  extinct  craters. 

»  Dana,  pp.  .343—350. 

»«»  Dana,  pp.  312,  318,  320  and  323: 
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aoid  orownad  hj  a  regalarly  nounded  ask-cone.  Th&Cfi  is,  here 
no  trace  of  any  stream  of  lava ;  yet  on<  the  conical  monn? 
tain  of  Apia  (2576  feet),,  which  is  likewise  on  XJpolu,  as 
well  as  on  the  Peak  of  Eao  (3197  feet)  we  meet  with  fields 
of  scoriaceons  lava  (Malpais  of  the  Spaniards),  the  9urfacd 
of  which  is  as  it  were  crimped,  and  ofben  twisted  like  a 
rope.  The  la?(^a>fields  of  Apia  contain  narrow  aubterraneau 
cavitiem. 

Tahiti,  in  the  centre  of  the  Society's  Islands,  iar  moce  tm!> 
dbtytae  than  basaltic,  exhibits,  strictly  speaking,  only  the  ruins 
of  itsJoirmer  volcanic  frame- work,  and  it  is  difficult  to  trace 
the  original' form  of  the  yolcano  in  those  enormous  masses 
looking  like  ramparts  and  chevaux-de-frise,  witLperpendicu? 
lar  precipices  of  aeyeral  thousand  feet  in  degtL.  Qf  its  two 
highest  summits,  Aozai  and  Orohema,.  the  former  was  first 
ascended  and  inyestigated  by  that  profound,  geologist  Dana.* 
GQhe  traohytic  mountain,  Orohena,  is  aald  to.  ei^ual  £tna  in 
height.  Thus,  next  to  the  actiye  group  q£  the.  Sandwich 
Ikdaiids^  Tahiti  contains  the  highest  rock  of  eruption  in  the 
whole  range,  of  the  Ocean  between  the  Continents  of  Ame^ 
sica  and  Asia«.  There  is  a  lelspathio  xQcii\  on.  the  small 
idboids  of  Borabora  and  Maurum  near  Tahiti,,  designated  by 
late  tmyellers  with  the  name  of  syenite^  a^nd  by  Ellis  in  his 
Poiynefflan  researches  described  as.  a.  granitic  aggregp^te  of 
felspar  and  quaxtz,  which,  on  account  of  the,  bx^jking  ou£ 
of  posou^.  sQoiaaceous  basalt  in  the  imsQediata  neighbour.* 
hood,  merits  a  much  more  completai  mineralogic&L  investigik 
tiosE.  Extdnct  craters  and  lawa-stDsama  ace  not  now  to  ha 
met  with,  on  the  Society's .  Islands,  The  question,  occurs, — 
aiee  thecrateis  on  the.  mouataia  tops  destroyed, — or  did  the 
highland  ancient  struotnresy  now  riy^Uiand  transformed,  cour 
tioue  closed  at  the  top  like  a  dome,  whUe  the  yeios  of  basalt 
and  trachyte  poured  immediately  forth  from  fissures.in  the 
earth,  as  has  probably  been  the  case  at  many  other  points  of 
the  seals  bottom*?  Extremes  of  great  yiacidity  or  great 
fltiidity  in  the  matter  poured  out,  as  wall  as. the  yarying 
width,  or  narrowness  of  the  fissures  through:  which  the,e:Sur 
sibn  takes  place,,  modify  f&e  shapes  of  the  self-forming  yd^ 

*'  L^op.  Yon  Buch,  p.  383  ;  Darwin,  Vole.  Itl.  p.  25;  Barv^ht,  Cuanl 
Sitfi,  p.  138 ;  Dana,,  pp.  28fl— 30tf  and<  3B4i 
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eanic  motmtaiii-strata)  and  where  friction  produces  what  is 
called  ashes  and  fragmentary  snb-diyision,  give  rise  to  small 
and  for  the  most  part  transitory  cones  of  ejection,  which  ai« 
Hot  to  be  confotmded  with  the  great  terminal  cinder-cones  of 
the  permanent  strnctural  frames. 

Close  by  the  Society's  Islands,  in  an  easterly  direction,  are 
the  Low  Islands,  or  Paumotu.  These  are  merely  coral  islands, 
with  the  remarkable  exception  of  the  small  basaltic  gronp 
of  Grambier^s  and  Pit  cairn's  Islands.'  Volcanic  rock,  similar 
to  the  latter,  is  also  found  in  the  same  parallel  (between  25^ 
and  27^  south  latitude);  1260  geographical  miles  farther  to 
the  east,  in  the  Easter  Island  (Wamn),  and  probably  also 
240  miles  farther  east,  in  the  rocks  Sala  y  Gomez.  On 
Waihu,  where  the  loftiest  conical  peaks  are  scarcely  a  thou- 
sand feet  high,  Captain  Beechey  remarked  a  range  of  craters^ 
none  of  which  appeared,  however,  to  be  burning. 

In  the  extreme  bast  towards  the  New  Continent,  the  range 
of  the  South  Sea  Island  terminates  with  one  of  the  most 
active  of  all  island  groups,  the  Archipelago  of  Calapagos, 
composed  of  five  great  islands.  Scarcely  anywhere  else,  on 
a  small  space  of  barely  120  or  140  geographical  miles  in  dia- 
meter, has  such  a  countless  number  of  conical  mountains  and 
extinct  craters  (the  traces  of  former  communication  between 
the  interior  of  the  earth  and  the  atmosphere),  remained 
visible.  Darwin  calculates  the  number  of  the  craters  at  nearly 
two  thousand.  When  that  talented  observer  visited  the 
Gkilapagos  in  the  expedition  of  the  **  Beagle,"  under  Captain 
Fitzroy,  two  of  the  craters  were  simultaneously  in  a  state  of 
igneous  eruption.  On  all  the  islands,  streams  of  a  very 
fluid  lava  may  be  seen  which  have  forked  off  into  different 
channels  and  have  often  run  into  the  sea.  Almost  all  are 
rich  in  augite  and  olivine  ;  some  of  which  are  more  of  a  trachy- 
tic  character,  are  said  to  contain  albite'  in  large  crystab.    It 

»  Dana,  p.  187. 

»  Barwm,  Vole  Isl,  pp.  104,  110—112,  and  114.  When  Darwin 
•ays  so  decidedly  that  there  is  no  trachyte  on  the  Galapagos,  it  is  be- 
oanse  he  limits  the  term  trachyte  to  tiie  common  felspar,  i,e.  to  or- 
thoklase,  or  orthoklase  and  sanidine  (glassy  felspar).  The  enigmatic 
cal  fragments  imbaked  in  the  lava  of  the  small  and  enth'ely  basaltic 
crater  of  James  Island  contain  no  quartz,  although  they  appear  to  rest 
on  a  plutonic  rock  (See  above,  p.  367  et  seq).  Several  of  the  volcanic 
cone-mountains  on  the  Galapagos  Islands,  have  at  the  orifice  a  narrow 
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would  be  well,  in  the  perfection  to  which  mineralogical 
science  is  now  brought,  to  institute  investigations  for  the 
purpose  of  discovering  whether  oh'goclase  is  not  contained  in 
these  porphyritic  trachytes,  as  at  Teneriffe,  Popocatepetl  and 
Chimborazo,  or  else  labradorite,  as  at  Etna  and  Stromboli. 
Pumice  is  entirely  wanting  on  the  Galapagos,  as  at  Vesuvius, 
where  although  it  may  be  present,  it  is  not  produced,  nor 
is  hornblende  anywhere  mentioned  to  have  been  found 
in  them;  consequently  the  trachyte  formation  of  Toluca, 
Orizaba,  and  some  of  the  volcanoes  of  Java,  from  which  Dr. 
Jimghuhn  has  sent  me  some  well-selected  solid  pieces  of 
lava  for  examination  by  Gustav  Kose,  does  not  prevail  here. 
On  the  largest'  and  most  westerly  island  of  the  Galapagos 
group,  Albemarle,  the  cone-mountains  are  ranged  in  a  line, 
and  consequently  on  fissures.  Their  greatest  height,  however, 
reaches  only  to  4636  feet.  The  Western  Bay,  in  which  the 
Peak  of  Narborough,  so  violently  inflamed  in  1825,  rises  in 
the  form  of  an  island,  is  described  by  Leopold  von  Buch*  as 
a  crater  of  up-heaval,  and  compared  to  Santorino.  J^any 
margins  of  craters  on  the  Galapagos  are  formed  of  beds  of 
tufa,  which  slope  off  in  every  direction.  It  is  a  very  re- 
markable circumstance,  seeming  to  indicate  the  simul* 
taneous  operation  of  some  great  and  wide-spread  catas- 
trophe, that  the  margins  of  tdl  the  craters  are  disrupted  or 
entirely  destroyed  towards  the  south.  A  part  of  what  in 
the  older  descriptions  is  called  tufa,  consists  of  palagonite 
beds,  exactly  similar  to  those  of  Iceland  and  Italy,  as  Bun- 
sen  has  ascertained  by  an  exact  analysis  of  the  tu&ks  of 
Chatham  Island.'  This  island,  the  most  easterly  of  the 
whole  group,  and  whose  situation  is  fixed  by  careful  astro- 
nomical observations  by  Captain  Beechey,  is,  according  t^ 
my  determination  of  the  longitude  of  the  city  of  Quito 
(78°  44'  8'),  and  according  to  Acosta's  Mm)a  de  la  Nueva 
Oranada  of  1849,  5216  geographical  miles  distant  from  the 
Punta  de  S.  Francisco. 

cylindrical,  annular  addition,  exactly  like  what  I  saw  on  Cotopaxi  ;-m> 
"in  some  parts  the  ridge  is  surmounted  by  a  wall  or  parapet  perpen* 
dicular  on  both  sides."    Darwin,  Vole,  I$l.  p.  83. 

*  L.  von  Buch,  p.  376. 

*  Bunsen,  in  LeonhanPs  Jahrb.  filr  Mmerahgie,  1851,  8.  856 ;  also 
in  Poggend,  ArmaUn  der  Phytih,  Bd.  Izzziii,  a.  223. 
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IX.  Mexico. 


The  six  Mexican  Volcanoes,  Tuxtla,*  Orizaba,  Popoca- 
tepetl,* Toluca,  Jorullo*  and  Colhna,*  four  of  which  have 
been  in  a  state  of  igneous  activity  within  the  historical  era, 
"were  enumerated  in  a  former  place,*  and  described  in  their 
geognosticaUy  remarkable  relative  position.  According  to 
recent  investigations  by  Gustav  Itose,  'the  formation  of 
Chimborazo  is  repeated  in  the  rock  of  Popocatepetl,  or 
Great  volcano  of  Mexico.  This  rock  also  consists  of  oUgo- 
clase  and  augite.  Even  in  the  almost  black  beds  of 
trachyte,  resembling  pitch-stone,  the  oligoclase  is  recognis- 
<able  in  very  small  acute-angled  crystals.  To  this  same  Chim- 
borazo and  TenerifTe  formation  belongs  the  volcano  of  Co- 
lima,  which  lies  far  to  the  west,  near  the  shore  of  the  South 
-Soa.  I  have  not  myself  seen  this  volcano,  but  we  are  indebted 
to  Herr  Pieschel  "^  TsHice  the  spring  of  1855)  for  a  very 
^instructive  view  of  tne  diBfer^it  kinds  of  rocks  collected  by 

«  See«ibove,  pp.  279—281. 

7  Bee  Piesched,  U^er  die  VuUe&ne  vcn  Mexico,  m  ike  GdUchHft  fttr 
aUgem,  JErdhmde,  £d.  vi,  1856,  b.  86  and  489->5S2.  The  assertion 
there  made  (p.  86)  "  that  never  mortal  has  ascended  the  steep  summit 
of  the  Pico  del  Praile,"  that  is  to  say,  the  highest  Petfkof  the  Volcano 
of  Toluca,  has  been  confuted  by  my  barometrical  measurement  made 
upon  that  very  summit,  (whtoh  is,  by  the  way,  scarcely  10  feet  in  width,) 
on  the  29th  September,  1803,  and  published -first  in  1807,  -and  again 
■recently  by  Dr.  Gumprecht  in  the  same  volume  of  the  journal  above 
referred  to  (p.  489).  The  doubt  raised  on  this  point  was  the  more  sin- 
gular as  it  Was  from  this  very  summit  of  the  Pico  del  Fraile,  whose 
tower-l^e'^sades -are  cettainly  not  very«asy  to  climb,  azKl  at  a  he^t 
''SDaroQly^O  feet  less- than  that  of  Mont  Blanc,  that  -I  struck  off  the 
masses  of  trachyte  which  are  hollowed  out  by  the  lightniog,  and  which 
are  glazed  on  the  inside  like  vitreous  tubes.  An  essay  was  inserted-  so 
early  as  1819  by  Gilbert  in  volume  Ix  of  his  AnncUen  der  Phyaik, 
(s.  261)  6n  the  specimens  placed  by  me  in  the  Berlin  Mtuseum  as  well 
as  in  several  Parisian  collections  (see  also  Awnalea  de  Ckimie  et  de 
Physique,  t.  xix,  1822,  p.  298).  In  some  places  the  lightning  has  bored 
4nich  reguiftr  cylindrical  tubes  («s  much  as  3  inches  in  length,)  that  tiM^ 
can  be  looked  through  from  end  to  «id,  and  in  those  oases  the  roidL 
surrounding  the  openings  is  likewise  vitrified.  I  have  also  brought 
with  me  pieces  of  trachyte  in  my  collections,  in  which  the  whole  sur- 
face  is  vitrified  without  any  tube-like  perforation,  as  is  the  oase^at  the 
little  Ararat  and  at  Mont  Blanc.  Herr  Hesohel  first  ascended  the 
double-peaked  volcano  of  Colim%  in  October,  1852,  and  reached  the 
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bim,  t»3  >vbU  as  for  his  mteresting  geological  notices  on  ^e 
Tdlcanoes  of  tlie  whole  Mexican  highlands,  all  of  which  lie 
has  personally  visited.  The  volcano  of  Toluca,  whose 
idgbest  summit  (the  Pico  del  Frayle),  thongh  narrow  anid 
difficult  to  clmib,  I  ascended  on  the  '29th  September,  1803, 
and  found  barometrically  to  be  15,166  feet  highj'^has  a  totally 
different  mineralogical  composition  from  'the  «till* active  Po- 
pocatepetl and  the  igneous  mountain  of  Colima ;  this  must 
not,  however,  be  confounded  wii^  another,  stUFhigher  sum- 
mit, called  the  'Snow-mountain.  The  volcano  of  Toluca 
eo'nsi8tft,'l&e  the  Peak  of  Orizaba,  the  Puy  de  Ohaumont  in 
the  Auvergne  and  j^gina,  of  a  combination  of  oligoclaso 
said  ■  honiblende.  .  From  this  brief  sketch  it  will  ^be  seen, 
"aaid  it  is  well  deserving  of  notice,  that  in  the  long  range  6i 
volcanoes  wiiich  extend  from  ocean  to  oeean*,  there  are  not 
iTwo  immediately  succeeding  each  other  which  are  of  similar 
mineralogical  composition. 

X.   T£EE  Ko&TH-WESTEBlf  DiSTRICSFS  OF  AlKSRIGA 

(northward  of  the  parallel  of  CBdo  Gila): 

In  the  section  which  treats  of  the  volcanic  action  on  *the 
eastern  i^siatic  Islands,®  particular  notice  has  been  xhrawn 
to  the  bow-like  curve  in  the  direction  of  the  "fissure  of 'up- 
heaval from  whidi  the  Aleutian  Islands  have  risen,  and 
'which  manifests  an  immediate  connection  between  the 
Asiatic  and  American  continents, — between  the  two  volcanic 
'peninsulas  Kamtschatkaaifd  Aliaska.  At  !;his  point  is  the 
outlet,  or  rather  the  northern  boundary,  of  a  mighty  giflf 
of  the  Pacific  Ocean,  which  frcMn  the  150  dicgrees  of  longi- 
tude embraced  by  it  under  the  equator,  narrows  itself  down 
between  the  terminal  points  of  these  two  peninsillas  to  37® 

Gtater,  from  which  lie  then  «8w  noliiiQg  bat  BulpfaiErettQd^hydrogeQ<"CR" 

pour  rising  in  a  cloud ;  but  Sonnesohmid,  who  y^nly  attempted  to 

.ascend  Golima,  in  February,  1796,  gives  an  account  of  an  immenso 

ejection  of  ashes  in  the  year  1770.   *In  the  month  of  March  179^5,  on 

the  other  hand,  red-hot  scorije  were  visiWyiihrown  out  in  a  -cohimn  of 

Ifire  at  night. — ''To  the'soeth'nv^st  of  the«voleano  of  CoHma,  a  vol- 

-4:anie  bnnohrfissure  TUBa<along  the  ehore  of  ^tite  South  .Sea.    -iBxtinct 

craters  and  ancient  lava-streams  are  recognised  in  what  are  called  the 

^Yolcanoes  of  'Ahuacatian  (on  the^Toad  from  Ooadalazara  to  San  Blaf) 

and  Tepic."  (Pieschel,  ifttrf.  p.  529). 

»  See*above,  pp.  367—372. 
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of  longitude.  On  tlie  American  continent,  near  the  aesb^ 
shore,  a  number  of  more  or  less  active  volcanoes  has  become 
known  to  mariners  within  the  last  seventy  or  eighty  years, 
but  this  group  lay  hitherto  as  it  were  isolated,  and  uncon- 
nected with  the  volcanic  range  of  the  Mexican  tropical 
region,  or  with  the  volcanoes  which  were  believed  to  exist 
on  the  peninsula  of  California.  If  we  include  the  range  of 
extinct  trachytic  cones  as  intermediate  links,  we  may  be 
said  to  have  obtained  insight  into  their  important  gea^ 
logical  connection  over  a  gap  of  more  than  28^  of  latitude, 
between  Durango  and  the  new  Washington  territory,  north- 
ward of  West  Oregon.  The  study  of  the  physical  condih 
tion  of  the  earth  owes  this  important  step  in  advance  to  the 
scientifically  well-prepared  expeditions,  which  the  govern* 
ment  of  the  United  States  has  fitted  out  for  the  discovery 
of  the  best  road  from  the  plains  of  the  Mississippi  to  the 
shores  of  the  South  Sea.  All  the  departments  of  natural 
history  have  derived  advantage  from  those  undertakings. 
Great' tracts  of  country  have  been  found,  in  the  now  ex- 
plored  terra-incognita  of  this  intermediate  space,  from  very 
near  the  Rocky  Mountains  on  their  eastern  dofie,  to  a  great 
distance  beyond  their  western  descent,  covered  with  evi- 
dences of  extinct  or  still  active  volcanoes  (as  for  instance 
in  the  Cascade  Mountains).  Thus,  setting  out  from  New 
Zealand  and  ascending  first  a  long  way  to  the  north-west 
through  Kew  Guinea,  the  Sunda  Islands,  the  Philippines 
and  Eastern  Asia,  to  the  Aleutians,  and  then  descending 
towards  the  south  through  the  north-western,  the  Mexican, 
the  Central  American,  and  South  American  territories  to 
the  terminating  point  of  Chili,  we  find  the  entire  circuit 
of  tlie  haain  of  the  Pacific  Ocean,  throughout  an  extent  of 
26,400  geographical  miles,  surrounded  by  a  range  of  recog- 
nisable memorials  of  volcanic  action.  Without  entering 
into  the  details  of  exact  geographical  bearings  and  of  the 
perfected  nomenclature,  a  cosmical  view  such  as  this  could 
never  have  been  obtained. 

Of  the  circuit  of  the  great  oceanic*  basin  here  indicated 
(or,  as  there  is  but  one  united  mass  of  water  over  the 

*  The  term  ''Qrand  Ocean/'  used  to  designate  the  basin  of  the 
South  Sea  by  that  learned  geographer,  my  friend  Contre-Amiral  de 
Fleurieu,  the  editor  of   the  IrUroduetion  Hutorigue  au    Viyyage  de 
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"Whole  earth,  we  ought  rather  to  say  the  cirenmference  of  the 
largest  of  those  portions  of  it  which  penetrate  hetween  con- 
tinents) it  remains  for  us  now  to  descril^  the  tract  of  country 
which  extends  from  Rio  Gila  to  Norton's  and  Kotzebue*8 
Soun:ds.  Analogies  drawn  in  Europe  from  the  Pyrenees  or  the 
Alpine  chain,  and  in  South  America  from  the  Cordilleras  of 
the  Andes,  from  South  Chili  to  the  fifth  degree  of  north  lati- 
tude in  New  Grenada,  supported  by  fanciful  delineations  in 
maps,  have  propagated  the  erroneous  opinion  that  the  Mexi- 
can mountains,  or  at  least  their  highest  ridge,  can  be  traced 
along  like  a  wall,  under  the  name  of  the  Sierra  Madre,  from 
south-east  to  north-west.      But  though  the  mountainous 
part  of  Mexico  is  a  mighty  swelling  of  the  land  running 
connectedly  in  the  direction  above  stated  between  two  seas 
to  the  height   of  from   5000  to  7000    feet,    yet   on    the 
top  of  this,  in  the  same  way  as  in  the  Caucasus  and  in 
O^tral  Asia,  still  loftier  ranges  of  mountains,  running  in 
partial  and  veiy  various  directions,  rise  to  about  15,000  and 
17,800    feet.     The  arrangement  of  these    partial  groups, 
erupted  from  fbsures  not  parallel  to  each  other,  is  in  ita 
bearings  for  the  most  part  independent  of  the  ideal  axis 
which  may  be  drawn  through  the  entire  swell  of  the  undu- 
lating flattened  ridge.     These  remarkable  features  in  the 
formation  of  the   soil   give  rise  to  a  deception  which  is 
strengthened  by  the  pictorial  effect  of  the  beautiful  country. 
The  colossal  mountains  covered  with  perpetual  snow  seem  as  it 
were,  to  rise  out  of  a  plain.     The  spectator  confounds  the 
lidge  of  the  soft  swelling  land,  the  elevated  plain,  with  the 
plain  of  the  low  lands,  and  it  is  only  from  the  change 
of  climate,  the  lowering  of  the  temperature,  under  the  same 
degree  of  latitude,  that  he  is  reminded  of  the  height  to 
which  he  has  ascended.     The  fissure  of  upheaval,  irequently 
before  mentioned,  of  the  volcano  of  Anahuac  (running  in  a 
direction  from  east  to  west  between  19°  and  ld^°  lat.)  inter- 
sects'®  the  general  axis  of  the  swelling  land  almost  at  right 
angles. 

Harehand,  confotinds  the  whole  with  a  part,  and  consequently  leada 
to  misapprehension. 

^  On  the  axes  of  the  greatest  elevations  and  of  the  volcanoes  in 
the  tropical  zone  of  Mexico,  see  above  pp.  279  and  319.  Compare 
adso  Etsai  Pol.  8tw  la  Nowv.-Esp,  t.  i,  pp.  257—268,  t.  ii,  p.  173 ;  Vuvrn 
<qf  Nature,  p.  87. 
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The  conformation  here  described  of  a  considerable  portico, 
of  the  surface  of  the  earth,  which  only  began  to  be  established 
by  careful  measurements  since  the  year  1803,  must  not  be 
confounded  with  those  swellings  of  the  soil,  which  are  met 
with  enclosed  between  two  mountain-chains  whidi  bound 
them  aait  were  like  walls,  as  in  Bolivia  at  the  Lake  of 
Uticaca,  and'  in  Central  Asia,  between  the  Himalaya  aad 
Kluen-lun.  The  former  of  these,  the  South  A^merican  eleva- 
tion, which  at  the  same  time  forms  the  bottom  of  a  valley, 
10  on  an  average  according  to  Fentland,  12,847  feet  aJbove  the 
level  of  the  sea,— the  latter,  or  Thibetian,  accoriling  to 
Captain  Henry  Strach^j  Joseph  Hooker,  and  Thomas 
Thomson,  is  upwards  of  14,996.  The  wish  expressed  by 
me  half  a  century  since  in  my  circumstantial  '^  Analyse  de 
Tjitlas  Geogrofhique  etJPTiydque  du  Boyaume  de  la  JSTouvelle^ 
JEspagne  (j  xiv),  that,  my  profile  of  the  elevated  plain  be- 
tween Mexico  and'  Guanaxuato  might  be  continued  by 
measurements  over  Durango  and  Chihuahua,  as  far  aa 
Santa  F6  del  iN'iievo..  Mexico,  is  now  comipletely  realized* 
The  length  of  way,  reckoning  only  onerfourth  for  the  inflec- 
tions, amounts  to  £ar  more  than  1200  geographical  miles,  and 
the  characteristic  feature  of  this  so  long,  unobserved  conr 
figuration  of  the  earth  (the  soft  imdulation  of  the  swelling; 
and  its  breadth  in  a  transverse  section,  amounting  sometimes 
to  240  or  280  geographical  miles)  is  manifested,  by  the  fact 
that  the  distance  (£r6m  Mexico  to  Santa  F6),  comprising  a 
difference  of  parallels  of  fully  16°  20^  about  the  same  as  that 
&om  Stockholm  to  Florence,  is  travelled  over  in  four.- 
wheeled  carriages,  on  the  ridge  of  the  table-land,  without  the 
advantage  of  artificially  prepared  roads.  The  possibility 
of  such  a.  medium  of  intercourse  was  known  to  the  Spaniards 
so  early  as  the  end  of  the  16th  century,  when  the  Vioeroy,^ 
the  Coude  de  Monterey,^^  planned  the  first  settlements  from 
Zacatecas. 

In  confirmai;ion  of  what  has  been  stated  in  a  general  way 

^^  By  Juan  de  Ofiate,  1594.  Mtmoir  of  a  Tour  to  Northern  Mexico 
in  1846  and  1847  by  Dr.  Wislizeniis.  On  the  influence  of  the  coni 
figuration  of  the  soil  (thtf  wonderful  extent  of  the  table-land)  on  the 
Internal  commeree  and  the  intercourse  of  the  tropical  zone  with  the 
north,  when  once  civic  order,  legal  freedom  and  industcy  increaseiia 
these  parts,  see  Esaai  PoL,  t.  iv.,  p.  38,  and  Dana,  p.  612» 
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respecting  the  relative  heights  between  the-capitalof  Mexico 
and  Sante  F6  del  Nuevo  Mexico,  I  here  insert  the  chief, 
elements  of. the  barometrical  leyellings^  which  have  been  com* 
pleted  from  1803 "to  1847'.  I*  take  them  in  the  direction 
£rom  north  to  south,  so  that  the  most  northerly,  placed  at, 
the  top  of  the  list,  may  corresponds  more  readily  with  the 
bearings  of  our  charts  :^ 

^  In  this  survey  of 'the  elevations  of  the  soil  between  Mezioo  and, 
Sante  F^  del  Nuevo  Mexico,  as  well  as  in  the  similar,  but  more  im* 
perfect  table  which  I  have  given  in  the  Vievs-  of  Ndtii^r*,  p.  20S,  the 
letters  Ws,  £t,  and  Ht,  attached  to  the  numerals,  denote  the  names  of 
the  observer.    Thus,  Ws  stands  for  Dr.  Wi^izenus,  edito  of  the  very 
instructive  and  scientific  Memoir-  of  a  Tow  to  Northern  Mexico,  con- 
nected with  Col.  Doniphan's  Expedition,  in  1346  and  1S47  (Washing- 
ton, 1848),    £t  the    Chief  Counsellor  of  Mines,  Burkart,   and   Ht 
for  myself.     At  the-  time  when  I  was  occupied  from  M^h  1803 
to  February   1804   with  the  astronomical  determinations  of  places 
in  the  tropical  part  of  New  Spain,  and  ventured,  from  the  materials  I 
could  discover  and-examine,  to  design  a. map  of  that  country,  of  which, 
my  respected  friend,  Thomas  JefifessoB,  then  President  of  the  United, 
S^tes,  daring  my  residence  in  Washington,  caused  a  copy  to  be  made^. 
there  existed  as  yet  in  the'  interior  of  the  country  on  the  road  to. 
Santa  F^,  no  determinations  of  latitude  north  of  Durango  (lat.  24"  250»v 
A'ccording  to  the  two  manuscript  journals  of  the  engineers  Eivera^^ 
It^foraaad  MascanS,  of  the  years  1724  and  1765,  discovered  by  me  ilk 
the  archives  of  Mexico,  and.  whioh  contained  directions  of  the  oomr 
paaa^  and  computed  partial  distances,  a  careful  calculation  showed  fozt 
the  important  station  of  Santa  F^,^  according. to  Don  Pedro  de  Rivera^ 
Iftt.  ae**  12'  and  long,  105°  52'  30''.    (Seemy  Atlas  Giogr,  et  Phy9.  du^ 
Mexique,  Tab.  6,  and  ^ai  P,ol,  t.  i^.pp.  75-^2).  I  took  the  precautii)n. 
iiX  the  analysis- of  my  map,  to  note,  this  result  as  a  very  uncertain  one 
a^ng  that  in  the  valuations  of  the  ddstan.ces  as  well  as  in  the  direc- 
tions of  the  compass,  imoorrected  for  the  magnetic  variation,  and 
unaided  by  objects  in  treeless  plains,  destitute  of  human  habita^ons, 
over  an  extent  of  more  than  1200  geographioal  miles,  all  the  errora 
eannot  be  compensated  (t.  i,  pp.  127^^131).      It  happens  that  the 
result  here  given,  as  compared .  with  the  most  recent  astronomical 
observations,  turns  out  to  be  much  more  erroneous  in  the  latitude 
than  in  the  longitude, — being  in  the  former  about  thii*ty-one  and  in 
the  latter  scarcely  twenty-three  minutes.     I  was  likewise  fortunate 
enough  to  determine,  nearly  correctly,  the  geographical  position  of  tl» 
I^ake  Timpanogos,  now  generally  called  the  Great  Salt  Lake,  while  the 
nAme  of  Timpanogos  is  now  only  applied  to  the  river  which  falls  into 
the  little  Utah-lake,  a  fresh  water  lake.    In  the  language  of  the  I^^tah 
Indians  a  river  is  called  og-wahbe,  and  by  contraction  offo  aljone ;  tin^ 
JM1»  me^ns  rock,  so  that  Timpan-ogo  signifies  rock-river  (l^r^mont, 
£a^l.  Exjped.  1845,  p.  273).    Buschmann  explainfi  the  word:  ^impa.a^ 
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Santa  F€  del  Nuevo  Mexico  (lat.  35*  410,  Height  7047 
feet  Ws. 

Albuquerque"  (lat.  SS""  8'),  height  4849  feet,  Ws. 

Paso  del  Norte"  on  the  Rio  Grande  del  Norte  (lat.  29°  48'), 
height  3790  feet,  Ws. 

Chihuahua  (lat.  28''  32'),  4638  feet,  Ws. 

Cosiquiriachi,  6273  feet,  Ws. 

Mapimi,  in  the  Bolson  de  Mapimi  (lat  25^  54:'),  4782  feet, 
Ws. 

Parras  (lat.  25°  32^,  4986  feet,  Ws. 

SaltiUo  (lat.  25''  100,  ^^40  feet,  Ws. 

Durango  (lat.  24°  250,  6849  feet,  according  to  Oteiza. 

Fresnillo  (lat.  23°  10'),  7244  feet,  Bt. 

Zacatecas  (lat.  22°  50'),  9012  feet,  Bt. 

San  Luis  Potosi  (lat.  22°  80,  6090  feet,  Bt. 

Aguas  calientes  (lat.  21°  530,  ^261  feet,  Bt. 

deriyed  from  the  Mexican  tetl,  stone,  while  in  pa  he  finds  a  substantire 
iermination  of  the  native  North-Mexican  languages ;  to  ogo  he  attri- 
butes the  general  signification  of  water;  see  his  work, — DieSpureth 
dtr  AztekUcken  Sprwche  im  n&rdlicKen  Mexico,  s.  354--356  and  851 
Compare  Expedition  to  the  VaUey  of  the  OretU  Salt  Lake  of  Utah,  by 
Captain  Howard  Stansbviry,  1852,  p.  800,  and  Humboldt,  Views  of 
Natwre,  p.  206.  My  map  gives  to  the  Montagnes  de  Sd  gemme,  some- 
what to  the  east  of  the  Laguna  de  Timpanogos,  lat.  40**  V,  long.  Ill* 
48'  80'^;  consequently  my  first  conjecture  differs  39  minutes  in  lati- 
tude, and  17  in  longitude.  The  most  recent  determinations  of  the 
position  of  Santa  fS,  the  Capital  of  Kew  Mexico,  with  which  I  am 
acquainted,  are  1st,  by  Lieutenant  Emory  (1846)  from  numerous 
astronomical  observations,  lat.  85**  44'  6'',  and  2nd,  by  Gregg  and 
Dr.  Wislizenus  (1848),  perhaps  in  another  locality,  35*  41'  6".  The 
longitude,  according  to  Emory,  is  7^  4'  18",  in  time  from  Greenwich, 
and  therefore  106*  5' in  the  equatorial  circle ;  according  to  Wislizenus, 
108*  22'  from  Paris  {New  Mexico  and  California,  by  Emory,  Docum. 
Ko.  41,  p.  36  ;  Wisl.  p,  29).    Most  maps  err  in  maiking  the  latitudes  of 

E laces  in  the  neighbourhood  of  Santa  F^  too  far  to  the  north.  The 
eight  of  the  city  of  Santa  F^  above  the  level  of  the  sea,  according 
to  Emory,  is  6844,  according  to  Wislizenus  fully  7046  feet  (mean 
measurement  6950) ;  it  therefore  resembles  that  of  the  Splugen  and 
Gotthard  passes  in  the  Swiss  Alps. 

^  The  latitude  of  Albuquerque  is  taken  from  the  beautiful  special 
map  entitled.  Map  of  the  Territory  of  New  Mexico  by  Kern,  1851. 
Its  height,  according  to  Emory  (p.  166),  is  4749  feet;  according  to  Wis- 
lizenus (p.  122),  4858.  , 
"  For  the  latitude  of  the  Pato  del  Norte  compare  Wislis.  p.  125 
Ket.  Tables  8—12,  Aug.  1846. 
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Lagos  (lat.  21°  2(f),  6376  feet,  Bt. 

Yilla  de  Leon  (lat.  21^  7'),  6134  feet,  Bt. 

Silao,  5911  feet,  Bt. 

Ouanaxuato  (lat.  21''  0'  15"),  6836  feet,  Ht. 

Salamanca  (lat.  20°  40°),  5762  feet,  Ht. 

Celaya  (lat.  20°  380,  6017  feet,  Ht. 

Queretaro  (lat.  20°  36'  39'0,  6363  feet,  Ht. 

San  Juan  del  Rio,  in  the  State  of  Queretaro  (lat.  20°  30'), 
6490  feet,  Ht. 

Tula  (lat.  19°  57'),  6733  feet,  Ht. 

Fachuca,  8140  feet,  Ht. 

Moran,  near  Beal  del  Monte,  8511  feet,  Ht. 

Huehuetoca,  at  the  northern  extremity  of  the  great  plain 
of  Mexico  (lat.  19°  48'),  7533  feet,  Ht. 

Mexico  (lat.  19°  25'  45"),  7469  feet,  Ht. 

Toluca  (lat.  19°  16'),  8825  feet,  Ht. 

Yenta  de  Chalco,  at  the  south-eastern  extremity  of  the 
great  plain  of  Puebla^  7712  feet,  Ht. 

San  Francisco  Ocotlan,  at  the  western  extremity  of  the 
great  plain  of  Puebla,  7680  feet,  Ht. 

Cholula,  at  the  foot  'of  the  ancient  graduated  Pyramid 
(lat.  19°  2'),  6906  feet,  Ht. 

La  Puebla  de  los  Angeles  (lat.  19°  0'  15"),  7201  feet,  Ht. 

(The  village  of  las  Vigas  marks  the  eastern  extremity  of 
the  elevated  plain  of  Anahuac,  lat.  19°  37' j  the  height  of 
the  village  is  7814  feet,  Ht). 

Thus,  though  previous  to  the  commencement  of  the  19th 
century  not  a  single  altitude  had  been  barometrically  taken 
in  the  whole  of  New  Spain,  the  hypsometrical  and  in  most 
cases  also  astronomical  observations  for  thirty-two  places  in 
the  direction  from  north  to  south,  in  a  zone  of  nearly  16^° 
of  latitude,  between  the  town  of  Santa  F6  and  the  capital 
of  Mexico,  have  been  accomplished.  We  thus  see  that  the 
surface  of  the  wide  elevated  plain  of  Mexico  assumes  an 
undulating  form  varying  in  the  centre  from  5850  to  7500 
feet  in  height.  The  lowest  portion  of  the  road  from  Parras 
to  Albuquerque  is  even  1066  feet  higher  than  the  highest 
point  of  Vesuvius. 

The  great,  though  gentle,"  swelling  of  the  soil,  whose 

^  Compare  Fremont,  Report  of  the  Exploring  Exped.  in  1842,  p.  60 ; 
Dana,  Geology  of  the  United  State*  Expl,  Exped.  pp.  611— tJ18 ;  and  for 
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highest  portion  we  have  just  surveyecly  and  which  Gcosai 
south  to  north,  from  thei  tropicals  part  to  the  paralMs 
of  42^  and  44%  so  increases  in  extent  from  east  to  wseBt 
that  the  Great  Baain,  wea^wafd  of.  th«  great  ^t  Lake  of 
the  Mormons,  has  a  diameter  of  upwards  of  340  geograr 
phical  miles,  with  a  mean  elevation  of  nearly  5800  feet, 
differs  very  considerahly  from  the  rampart-like  mountain- 
chains  hy  which  it  is  surmounted.  Our  knowledge  of  this 
configuration  is  one  of  the  chief  poinits  of  Fr<^mont*s  greai^ 
hypsometrical  investigations  in  the  years  1842  and  1844. 
This  swelling  of  the  soil  belongs  to  a  different  epoch 
from  that  late  upheaval  which  we  call  mountain-chaina 
and  systems  of  varied  direction*  At  the  point  where, 
about  32^  lat.,  the  mountain-mass  of.  Chihuahua,  accconl* 
ing  to  the  present  settlement  of  the  boundarieBi  enters  the 
western  territory  of  the  United  States  (in  the  provinces 
taken  from  Mexico),  it  begina  to  be^r^the  not  very  definite 
title  of  the  Sierra  Madre.  A  decided  bifurcationt^^  however, 
occurs  in.  the.  neighbourhood  of  Albuquerque,  and  at  this 
bifurcation  the  western  chain  still,  maintains  the  general 

South  America,  Aleido  D'Orbigay,  Vop.  dam  Vldm^Hriqft^  m4rid.  Atlas, 
pi.  viii.  de  Oiologie  ap^cicUe,  fig.  i. 

^^  For  this  bifurcation  and  the  correct  denomination  of  the  east 
and  west  chains  see  the  large  special  map.  of  the  J^srritory  of  Netff 
Mexico,  by  Parke  and  Kern,  1851 :  Edwin  Johnson's  J/iop  of  RailreacU, 
1854;  John  Bartlett'^  Map  of  the  Bowndary.  (7of»«i««au>9»»  1854;  B»* 
plorationa  and  Swrveya  from  the  Muaiseippi  to  tht  Pacific  m  185& 
ami  1854,  vol.  i,  p.  15 ;  and,  above  all,  the  admirable  and  comprehenaive 
work  of  Jules  Marcou,  Qeologist  of  the  Southern  Pacific  B.  B.  Survey, 
under  the  command  of  Lieutenant  Whipple,  entitled  RSsumS  explicate 
tfhme  Carte  gioUgique  dee  Mats  Unia  et  d!vm,  Prefii  g44logiqiM^<itUafKt  ii 
lavall^e du Mississippi  ava  cdtes  deVOcSaai  Pacifiqm,  pp.  11S^--116^; 
also  in  the  BvUstiai  de  la  Soci6t6  gSologiqve  de  la  Fr<uM»y  2e  S^rie,  t.  xii,. 
p.  813.  In  the  elongated  valley  closed  by  the  Sierra  Madre,  or  Bocky 
Mbuntains,  lat.  35* — 381^**,  the  separate  groups  of  which  the  western 
chain  of  the  Sierra  Madre  and  the  eastern  chain  of  the  Bocky  Moub-* 
tains  (Sierra  de  Saadia)  consist  bear  dif^rent  names.  To  the  first  chain: 
hd^iig,  reckoning,  from  south  to  north,  the  Sierra  de  las  GruUas,  th» 
S.  de  los  Mimbres  (Wislisenus^pp.  22  and  54),  Mount  Taylor  (lat.  35^ 
150,  the  S.  de  Jemez  and  the  S.  de  San  Juan  ;  in  the  eastern  chain  th« 
Horo  Peaks,  or  Sierra  de  la  Sangre  de  Cristo,  are  distinguished  fi*om 
the  Spanish  Peaks  (lat.  37''  320  ^<1  ^^  north  westerly  tending  Whitei 
Xountains,  which  close  the  elongated  valley  of  Taos  and  Santa  F4.  Pro* 
fasaor  Julius  Frobel,  whose  examination  of  the  volcanoes  of  Central 
Axaerica  I  have  already  noticed  {Cosmos,  above,  p.  274),  has  with  muuU 
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title  of  the  Siesra.  Madre,  while  the  eafitem  bmnch.haa  re- 
ceived from  lat.  36**  10'  forward  (a  little  to  the  north  ot 
Santa  F6)  from  American  and  English  travellers  the  equally 
iH-chosen,  but  now  universally  accepted  title  of  the  Kooky* 
Mountains.  The  two  chains  form  a  lengthened  valley^  in. 
which  Albuquerque,  Santa  F6  and  Taos  lie,  and  througlt- 
which  the  Bio  Grande  del  Norte  flows.  In  lat.  3Bii^°  thift 
vvdley  is  closed  by  a  chain  running  east,  and  west  for  th& 
space  of  88  geographical  miles,  while  the  rocky  mountaina 
extend  undivided  in  a  meridional  direction,  as  far  as  lat.  41°. 
In  this  intermediate  space  rise  somewhat  to  the  east  ther 
Spanish   Peaks,  Pike's  Peak  (5800  feet )x,  which  has  been. 

ability   elucidated  the  indefibite  geographical  appellatloa  of'SierraiK 
Hadre  on  the  older  maps^  but-  he  has  at  the  eame  time,  in  a  treatiaoi 
entitled  Bema/rkt  cwUrUaUmg  to  the  Physical  Geoffraphy  of  the  Nor^- 
American  Continent  (9th  Annual  Report  of  the  Smithtonda/n  hhttitutimf, 
1S55,  pp.  272 — 281),  fdvea  expression    to  a  conjecture  which,  aftetr 
having  examined  all  the  materials  within  my  reach,  I  am  tmable  ta 
assent  to,  namely,  that  the  Rocky  Mountains  are  not  to  be  regarded  as: 
a  continuation  of  the  Mexican  Mountain-  range  in  the  tropical  zone  oiS 
Anahuac    Uninterrupted  mountain  chains,  like  those  of  the  Apennines 
the  Swiss  Jura,  the  Pyrenees,  and  a  great  part  of  the  German  Alps, 
oertainly  do  not  exist  from  the  19th  to  the  44th  degrees  of  latitude, 
firom  Popocatepetl  in  Anahuao  as  far  as  to  the  north  of  Fr^ont'a  Peak 
IB.  the  Rocky  Mountains,,  in  the  direction. from  SS^E.  to  NN.W.,  but  thp^ 
ijBimense  swelling  of  the  oarface  of  the  land  which  goes  on  increafiixi|g 
in  breadth  towards   the  north   and  north*west,   is  contiuuous  froza! 
tropical  Mexico  to  Oregon,  and  on  this  swelling  (or  elevated  plain),, 
which  is  itself  the  great  geognostic  phenomenon^,  separate  groups  of 
mountains,  running  in  often  varying  directions,  rise  over  fissures  which, 
have  been  formed  more  recently  and  at  different  periods.     These  atipM^ 
imposed  groups  of  mountains,  whichv  however,  in  the  Rocky  Mountamft 
ace  for  an  extent  of  8  degrees  of  latitude  connected  together  almost  likft, 
a. rampart,  and  rendered  visible  to  a  great  distance  by  conical  moun- 
tains, chiefly  trachytic,  froiri  10,000  to  12,000  feet  high,  produce  aar 
impression  on  the  mind  of  the  traveller  which. la  only  the  more  profound. 
ftom.  the  circumstance  that  the  elevated  plateau  which  stretches  faiD 
and  wide  around  him  assumes  in  his  eyes  the  appearance  of  a  plain  of 
the  level  country.     Though  in  reference  to  the  Cordilleras  of  South 
Arnica,  a  considerable  part  of  which  is  known  to  me  by  personal 
inspection,  we  speak  of  double  and  triple  ranges  (in  fact  the  Spanialr 
expression  las  Cordilleras  delos  Andes  refers  to  such  a  disposition  andt 
partition  of  the  chain),  we  must  not  forget  that  even  here  the  direc 
Uons  of  the  separate  ranges  of  mountain  groups,  whether,  in  longridgeii 
or  in  consecutive  domes,   are  by   no  means  parallel,  either  to  onfli 
another,  or  to  the  direction  of  the  entire  swell  of  the  land. 
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beautifully  delineated  by  Fr6mont,  James'  Peak  (11434  feet), 
and  the  three  Park  Mountains,  all  of  which  enclose  three 
deep  valleys,  the  lateral  walls  of  which  rise  up,  along  with 
the  eastern  Long's  Peak,  or  Big  Horn,  to  a  height  of  9060 
and  11,191  feet."  On  the  eastern  boundary,  between 
Middle  and  JN'orth  Park,  the  mountain  chain  all  at  once 
changes  its  direction  and  runs  from  lat.  40 j-''  to  44^  for  a 
distance  of  about  260  geographical  miles  from  south-east  to 
north-west.  In  this  intermediate  space  lie  the  south  Pass 
(7490  feet),  and  the  famous  Wind  Biver  Mountains,  so 
singularly  sharp  pointed,  together  with  Fremont's  Peak 
(lat.  43°  8'),  which  reaches  the  height  of  13,567  feet.  In 
the  parallel  of  44,°  in  the  neighbourhood  of  the  Three 
^Tetons,  where  the  north-westerly  direction  ceases,  the  meri- 
dian direction  of  the  Rocky  Mountains  begins  again,  and 
continues  about  as  far  as  Lewis  and  Cliajrke's  Pass,  which 
lies  in  lat.  47°  2^  and  long.  112°  9'  30.''  Even  at  this  point, 
the  chain  of  the  Rocky  Mountains  maintains  a  considerable 
height  (5977  feet),  but  from  the  many  deep  river-beds  in 
the  direction  of  Flathead  Biver  (Clarke's  Fork),  it  soon 

''  Prdmont,  Explor.  Exped.  pp.  281—288.  Pike's  Peak,  lat.  38*  50', 
itelineated,  at  p.  114;  Long's  Peak,  40^  15';  ascent  of  Fremont's  Peak 
(18,570  feet)  p.  70.  The  Wind  River  Mountains  take  their  name  from 
the  source  of  a  tributary  to  the  Big  Horn  River,  whose  waters  unite 
with  those  of  the  Yellow  Stone  River,  which  falls  into  the  Upper  Mis- 
»ouri  (lat.  47*  68',  long.  lOS'*  6'  30").  See  the  delineations  of  the  Alpine 
range,  rich  in  tnica-slate  and  granite,  pp.  66  and  70.  I  have  in  all  cases 
retained  the  English  names  given  by  the  North  American  Geographers, 
A8  their  translation  into  a  pure  German  nomenclature  has  often  proved 
Ik  rich  source  of  confusion.  To  help  the  comparison  of  the  direction 
and  length  of  the  meridian-chain  of  the  Ural,  which,  according  to  the 
careful  investigatiouB  of  my  friend  and  travelling  companion.  Colonel 
Ernst  Hofmann,  takes  a  curve  at  the  northern  extremity  towards  the 
east,  and  which,  from  the  Truchmenian  Mountain  Airuk-Tagh  (48f  *) 
to  the  Sablja  Mountains  (65**),  is  fully  1020  geographical  miles  in  length, 
with  those  of  the  Rocky  Mountains,  I  would  here  remind  the  reader 
that  the  latter  chain  runs,  between  the  parallels  of  Pike's  Peak  and 
Lewis  and  Clarke's  Pass,  from  105'  9'  30"  mto  112**  9'  80"  of  longitude. 
The  chain  of  the  Ural  which,  within  the  same  space  of  17  degrees  of 
latitude,  deviates  little  from  the  meridian  of  59**  0'  80'',  likewise  changes 
its  direction  under  the  parallel  of  65%  and  kttains,  under  lat,  67^"*  the 
meridian  of  66*  6'  30".  Compare  Ernst  Hofmann,  der  n&rdliche  Ural 
%nd  dai  KUstengebirge  Pac-Choi,  1856,  s.  191  and  297—305,  with 
Humboldt,  A  tie  centrale  (1843)  t.  i.  p.  447. 
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decreases  to  a  more  regular  level.  Clarke's  Fork  and  Lewi^ 
or  Snake  Biver  unite  in  forming  the  great  Columbia  Kiver^ 
which  will  one  day  proTe  an  important  channel  for  com- 
merce, {^xplorationa  for  a  railroad  from  the  Mississippi 
Miver  to  the  JPacific  Ocean,  made  in  1853 — 1854,  vol.  i,  p. 
107.)' 

As  in  Boliyia,  the  eastern,  chain  of  the  Andes  furthest 
removed  from  the  sea,  that  of  Sorata  (21,287  feet)  and 
Illimani  (21,148  feet^,  furnish  no  volcano  no^  in  a  state 
of  ignition,  so  also  m  the  western  parts  of  the  United 
States,  the  volcanic  action  on  the  coast-chain  of  California 
and  Oregon  is  at  present  very  limited.  The  long  chain  of 
the  Bocky  Mountains,  at  a  distance  from  the  shores  of  the 
South  Sea  varying  from  480  to  800  geographical  miles, 
without  any  trace  of  still  existing  volcanic  action,  neverthe- 
less shows,  like  the  eastern  chain  of  Bolivia  in  the  vale  of 
Yucay,^®  on  both  of  its  slopes  volcanic  rock,  extinct  craters, 
and  even  lavas  inclosing  obsidian,  and  beds  of  scoria.  In 
the  chain  of  the  Rocky  Mountains  which  we  have  here 
geographically  described  in  accordance  with  the  admirable 
observations  of  Fremont,  Emoiy,  Abbot,  Wislizenus,  Dana, 
and  Jides  Marcou,  the  latter,  a  distinguished  geologist, 
reckons  three  groups  of  old  volcanic  rock  on  the  two  slopes* 
For  the  earliest  notices  of  the  vulcanidty  of  this  district  we 
are  also  indebted  to  the  investigations  made  by  Fremont 
since  the  years  1842  and  1843  {Beport  of  the  Exploring  Ex- 
pedition  to  the  Rocky  Mountains  in  184z,  and  to  Oregon  ani 
North  California  in  1843-44,  pp.  164,  184-187,  and  193). 

On  the  eastern  slope  of  the  Bocky  Mountains,  on  the 
south-western  road  from  Bent's  Fort,  on  the  Arkansas  Biver 
to  Santa  F6  del  Nuevo  Mexico,  lie  two  extinct  volcanoes,  the 
Baton  Mountains^'  with  Fisher's  Peak,  and  the  hill  of  El 
Cerrito  between  Galisteo  and  Fera  Blanca.  The  lavas  of  th^ 
former  cover  the  whole  district  between  the  Upper  Arkansas 
and  the  Canadian  River.  The  Peperino  and  the  volcanic 
scoriae,  which  are  first  met  with  even  in  the  prairies,  on 

^  See  above  p.  295. 

^  According  to  the  road^map  of  1855,  attached  to  the  general  report 
of  the  Secretary  of  S)»ite,  Jefferson  Davis,  the  Baton  Pass  rises  to  an 
elevation  of  as  much  as  7180  feet  above  the  level  of  the  seiw  Compare, 
alflo,  Marcou,  JRitunU  explicatif  d'une  OarU  Q€ol.,  1855,  p.  113. 
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^approacliing  f lie  Ttoeky  Modntains '&om  tltecsidt/ belong 
'perhaps  to  old  eraptions  of  the  Cerrito,  or  of  the  Btupendom 
Bpanish  Peaks  (37**  32').  This  easterly  volcsanic  district  o'f 
^he  isolated  flaton  Mountains  forms  an  area  of  80  geogra- 
phical miles  in  diameter ;  its  centre  lies  nearly  in  latitude 
36°  50'. 

On  the  'Western  slope  most  unmistakeable  evidences  of 
ancient  Tolcanic  action  are  discernible  over  a  wider  space, 
which  has  been  traversed  by  the  important  expedition  of 
Lieutenant  Whipple  throu^out  its  whole  breadth  from 
east  to  west.  This  variously  shaped  district,  though  inter- 
Tupted  for  "fully  120  geogra}>hical  miles  to  the  north  of  the 
Sierra  de  Mogoyon,  is  comprised  (always  on  the  authority 
of  Marcou's  geological  chart)  between  latitude  33°  48'  and 
35°  40*,  so  that  instances  of  eruption  occur  further  south 
than  those  of  the  Raton  Mountains.  Its  centre  falls  neariy 
in  the  parallel  of  Albuquerque.  The  area  here  designated 
divides  into  two  sections,  that  of  the  crest  of  the  Rocky 
Mountains  nearer  Mount  Taylor,  which  terminates  at  the 
Sierra  de  Zuni,**  and  the  western  section,  tsalled  the  Siena 
de  San  Francisco.  The  conical  mountain  of  Mount  Taylor, 
12,256  feet  high,  is  gfurrounded  by  radiating  lava-streams, 
which,  like  Malpays  still  destitute  of  all  vegetation,  covered 
over  with  scoriae  and  pumice-stone,  wind  along  to  a  distance 
of  several  miles,  precisely  as  in  the  district  around  Hecla. 
About  72  geographical  miles  to  the  west  of  the  present  Pueblo 
de  Zufii  rises  the  loffcy  volcanic  mountain  of  San  TVancisco 
itself.  It  has  a  peak  which  has  been  calculated  at  more 
than  16,000  feet  high,  and  stretches  away  southward  from 
the  Rio  Colorado  Chiquito,  where,  ferther  to  the  west,  the 

20 'We  must  bo  oarefaT  to  distinguish,  to  the  west  of  the  mountain- 

iridge  of  Zufii,  where  the  Paso  de  ZuSki  attains  an  elevation  of  as  tnuch. 

;«a  7943  feet,  between  ZuSki  riejo,  the  old  dilapidated  town  delineated 

•  by  MoUhausen  on  Whipple's  expedition,  and  tiiie  still  inhabited  Pueblo 

de  Zufii.     Forty  geographical  miles  north  of  the  latter,  near  Fort 

Defiance,  there  still  exists  a  very  small  and  isolated  volnanic  district. 

Between  the  village  of  Zufii  and  the  descent  to  the  Rio  Colorado 

chiquito   (Little  Colorado)  lies  exposed  the  petrified  forest  -which 

HdMausen  admirably  delineated  in  1858,  and  described  iff  a  treatise 

which  he  sent  to  the  Geographical  Society  of  Berlin.    According' to 

ICarcou  {RSnmS  explic.  d^wie  Cfarte  OStl,,  p.  59),  foasil  trees  and' ferns 

are  mingled  with  the  silicified  coniferse. 
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BarWiHiatnTVIountain,  ihe  Aztec  Pass  (B379'feet),  land  tlio 
'Aquaritrs  IViouiltaiiis  (852f6  feet)  follow.  The  volcanic  ro<A: 
does  not  terminate  at  the  con'fluence  of  the  Bill  William 
IV>rk  with  the  great'  Colorado,  near-th©  Tillage  of  the  Mohave 
lEndians  (Jat.  34**,  long.  114°),  for,  on  the  other  side  of  the 
Hio' Colorado  at  the  "Soda  La^e,  several  extinct,  but  still:  opdlQ 
craters  of  eruption,  may  be  recognized." 

Thus  we  find  here  in  the  present  New  Mexico,  in  the 
Tolcanic  group  comtoencing  at  the  Sierra  de  Ban  Francisco, 
-ftnd  ending 'a  little  to  the  westward  of  the  Kio  Colorado 
'  Grande,  or  del  Occidente  (into  which  the  JGila  &.lls),  over  a 
distance  of  180  geographical  miles,  the  old  volcanic  district 
of  the  Auvergne  and  the  Yivaauis  'repeated,  and  a  new  aad 
^de  field  opened  up  for  geological  investigation. 

Likewise  on  the  western  slope,  but  540  geographical  miles 
'more  to  the  north,  lies  the  third  ancient  volcanic 'group 'of 
^he  Koeky  Mountains,  that  of  Fremont's  Peak,  and  the  two 
triple-mountains,  whose  names,  the  Trois  T6tons  and  ihe 
Three  Buttes,'**  correspond  well  with  their  conical  forms. 
The  former  lie^more  to  the  west  than  the  latter,  and  cotL- 
«equently  farter  from  the  mountain  chain.  They  exhibit 
wide*spread,  black  banks  of  lava,  veiy  much  neait,  and  wifih 
a  scorified  surfeice."® 

•parallel  with  the  chain  of  the  Rocky  ^Mountains,  some- 
times single  *and  sometimes  double,  irun  several  ranges  in 
which  their  northern  portion  from  lat.  46°  12',  are  still  the 
'seat  of  volcanic  action.  First,  from  San  Diego  to  Monterey 
{32i°  to  36J°),  there  is  the  coast-range,  specially  fio-^alled,  a 
continuation  of  the  ridge  of  land  on  the  peninsula  of  Old,  or 
^Lower,  CaKfotnia ;  then,  for  the  most  part  '80  geographical 

-  31  All  on  l^e'tittthoTityof  the  profiles  of  Mamxm  and  the  above-cSited 
■'t<oad<-map  of  1%&5, 

^  The  !Fr«iich'«ppeUaition8,  introdnoed  by  th«  Otasdiaii  fur-huniets, 
-are  generally  vnedin  the  country  and  on  English  maps.  Accordix)g4o 
<  the  most  recent  calculation9,  the  relative  positions  of  the  extinct  vbl- 
\canoes  are  as  follows  : — Fremont's  Peak,  lat  43*  5',  long.  110*  9'  80*'; 
Trois  T^tons,  lat.  43"  38',  long.  llC*  49'  30";  Three  Buttes,  latr43°  20', 
:iong.  112°  41'  30";  Fort  Hall,  lat.  48°  0',  long.  HI"  24'  30". 

^  Lieut.  Mullan,  on 'Volcanic  Forn^ation,  in  the  i2Q)orfo  pf  Sfcphr, 
*and  SurvetfM,  vol.  i  (1855),  pp.  330  and  348 ;  see  also  Lambert's  and 
^^inkham's  Reports  on  the  Three  Buttes,  ibid,  pp.  167  andr^26«>-230, 
and  Jules  Marcou,  p.  115. 
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miles  distant  from  tlie  sliore  of  the  South  Sea,  the  Siena 
Nevada  (de  Alta  California)  from  36°  to  4:0f  ° ;  then  again, 
commencing  from  the  lofby  Shasty  Mountains  in  the  parallel 
of  Trinidad  Bay  (lat.  iV  10'),  the  Cascade  range,  which 
contains  the  highest  still  ignited  peak,  and  which^  at  a 
distance  of  104  miles  from  the  coast,  extends  from  south  to 
north  far  beyond  the  parallel  of  the  Fuca  Strait.  Similar  iii 
their  course  to  this  latter  chain  (lat.  43° — 46°),  but  280 
miles  distant  from  the  shore,  are  the  Blue  Mouiitains,^  which 
rise  in  their  centre  to  a  height  of  from  7000  to  8000  feet. 
In  the  central  portion  of  Old  Califomia,  a  little  farther  to 
the  north,  near  the  eastern  coast  or  bay  in  the  neighbour- 
hood of  the  former  Mission  of  San  Ignacio,  in  about  28^ 
north  latitude,  stands  the  extinct  volcano,  known  as  the 
"  Volcanes  de  las  Virgenes,".  which  I  have  given  on  my  chart 
of  Mexico.  This  volcano  had  its  last  eruption  in  1746;  but 
we  possess  no  reliable  information  either  regarding  it  or  any 
of  the  surrounding  districts ;  (See  Venegas,  Noticia  de  la 
California,  1757,  t.  i,  p.  27 ;  and  Duflot  de  Moras,  Exploration 
de  V  Oregon  et  de  la  Califomie,  1844,  t.  i,  pp.  218  and  239). 

Ancient  volcanic  rock  has  already  been  found  in  the  coasts 
range  near  the  harbour  of  San  Francisco,  in  the  Monte  del 
Diablo,  which  Dr.  Trask  investigated  (3673  feet),  and  in  the 
auriferous  elongated  valley  of  the  Bio  del  Sacramento  in  a 
trachytic  crater  now  fallen  in,  called  the  Sacramento  Butt, 
which  Dana  has  delineated.  Farther  to  the  north,  the 
Shasty,  or  Tshashtl  Mountains,  contain  basaltic  lavas,  obsi- 
dian, of  which  the  natives  make  arrow-heads,  and  the  talo- 
like  serpentine  which  makes  its  appearance  on  many  points 
of  the  earth's  sur&ce,  and  appears  to  be  closely  allied  to  the 
volcanic  formations.  But  the  true  seat  of  the  still  existing 
igneous  action  is  the  Cascade  Mountain  range,  in  which^ 
covered  with  eternal  snow,  several  of  the  peaks  rise  to  tha 
height  of  16,000  feet.  I  shall  here  give  a  list  of  these,  pro- 
ceeding from  south  to  north.  The  now  ignited,  and  more  en* 
less  active  volcanoes,  will  be  (on  the  plan  heretofore  adopted) 

2*  Dana,  p.  616 — 620  ;  Blue  Mountains,  p.  649 — 661 ;  Sacramento 
Butt,  p.  630—  643 ;  Shaety  Mountains,  p.  614 ;  Cascade  range.  On  the 
Monte  Diablo  range,  perforated  by  volcanic  rock,  see  also  John  Trask, 
on  the  Oealogy  of  the  Coout  Mowntaim  and  the  Sierra  Nevada,  18^4, 
pp.  13—18. 
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(see  above,  p.  61,  note  71)  distinguislied  by  a  star.  The  high 
conical  mountains  not  so  distinguished,  are  probably  partly 
extinct  volcanoes,  and  partly  unopened  trachytic  domes. 

Mount  Pitt,  or  MOjaughlin  ;  lat.  42°  30',  a  little  to  the 
west  of  Lake  Tlamat ;  height  9548  feet. 

Mount  Jefferson,  or  Yancouver  (lat.  44°  35'),  a  conical 
mountain. 

Mount  Hood  (lat.  45°  lO'),  decidedly  an  extinct  volcano, 
covered  with  cellular  lava.  According  to  Dana  this  moun- 
tain, as  well  as  Mount  St.  Helenas,  which  lies  more 
northerly  in  the  volcano  range,  is  between  15,000  and 
16,000  feet  high,  though  somewhat  lower**  than  the  latter. 
Mount  Hood  was  ascended  in  August,  1853,  by  Lake,  Tra- 
vaillot,  and  Heller. 

Mount  Swalahos,  or  Saddle  Hill,  S^S.R  of  Astoria*', 
with  a  fallen  in,  extinct  crater. 

Mount  St.  Helenas,*  north  of  the  Columbia  river 
(lat^  46°  12^).  According  to  Dana,  not  less  than  15,000 
feet  high''.  Still  burning  and  always  smoking  from  the 
summit-crater.  A  volcano  of  very  beautiful,  regular,  co- 
nical  form  and  covered  ^th  perpetual  snow.  There  was  a 
great  eruption  on  the  23rd  November,  1842 ;  which,  ac- 
cording to  Fremont,  covered  everything  to  a  great  distance 
round  with  ashes  and  pumice. 

Mount  Adams  (lat.  46°  18^),  almost  exactly  east  of  the 
volcano  erf"  St.  Helen's,  more  than  112  geogra|^ical  miles 
distant  from  the  coast,  if  it  be  true  that  the  lasi-named 
and  still  active  mountain,  is  only  76  of  those  miles  inland. 

^  Dana  (pp.  615  and  640)  estimated  the  volcano  of  St.  Helen's  at 
16,000  feet,  and  Mount  Hood  of  course  under  that  height,  while 
according  to  others  Mount  Hood  is  said  to  attain  the  great  height  of 
18,316  feet,  which  is  2521  feet  higher  than  the  summit  of  Mont  Blanc, 
and  4730  feet  higher  than  Fremont's  Peak  in  the  Rocky  Mountains. 
According  to  this  estimate,  (Langrebe,  NcUurgeschiciUe  der  VtUkane, 
Bd.  i,  s.  497),  Mount  Hood  would  be  only  671  feet  lower  than  the** 
volcano  Ootopaxi;  on  the  other  hand  Mount  Hood,  according  to 
Dana,  exceeds  the  highest  summit  of  the  Rocky  Mountains  by  2586 
feet  at  the  utmost.  I  am  always  desirous  of  drawing  attention  to 
varia/rUes  Uctiones  such  as  these. 

»  Dana,  Oeol.  of  the  U.S.  Expl  Exped.^pjt.  640  and  643—645. 

^  Variously  estimated  previously  at  10,178  feet  by  Wilkes,  and  13,535 
feet  by  Simpson. 

VOL.  V.  2  E 
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Mount  Begnier,*  also  written  Moimt  Bainier  (lat. 
46°  48')  E  8JS.  of  Fort  NiaqnaUj,  om  Puget'a,  Souim^  which 
is  connected  with  the  Euca  Strait..  A  bfuming  ¥olcaixo ; 
according  to  Edwin  Johnson's  road-map  <:^  1854, 12,330 
feet  high.  It  experienced  severe  erupti(H)fi  in  184}  £aidl843. 

Mount  01yi»pi»  (lat,  47°  50').  Only  24  geog^phical 
miles  south  of  the  strait  of  San  Juan  de  Fuoai.  long  so 
fiunous  in  the  history  of  the.  South  Sea  discoveries. 

Mount  Baker^*  a  large  and  still  active  volcano,  situated 
in  the  territory  of  Washingtpii;  (lat.  48®  48'),  of  great 
(unmeasured?)  height  (not  y«t  detQnip)»e<^,  and  regular 
conical  form. 

Mount  Brown.  (16^000  feet  ?)  and»  a  little,  more  to  the 
east,  Mount  Hooker  (16,750  feet  p),  s^ce  cited  by  Jiohnaon 
as  lofty,  old-volcanic  trachytic  mpuntainsy  ujader  lat.  52i°, 
and  long.  117°  40'  and  119[°  40'.  They  are  therefore  re- 
markable as  being  more  than  3QQ  g^^^phicajl.  miles 
distant  from  the.  coast. 

Mount  Edgecombe,*  on  the  seemJI  liMarus. Island,,  near 
Sitka  (lat.  57°  3').  Its  violent  igneous,  eruption  i^  1796, 
has  already  been  mentioned  by  me  (see  above,  p.  269). 
Captain  Lisiimsky,  who  ascended  it  in  the  first  years  of 
the  present  century,  found  the.  volcano  then  unignited. 
Its  height^  reaches,  according  to  Ernst  Hofmann,  3039 
feet,  according  to  Lisiansky,  2801  feet.  Near  it  are  hot 
springs  which  issue  from  grauite,  as  on  the  road  from,  the 
Yalles  de  Aragua  to  PortocabeUo. 

Mount  Fairweather,  or-  Cerro  d^  Buen  Tiempo  ;  accord- 
ing to  Malaspina,  4489  metres,  or  14,710  feet  high*.  In 
lat.  58°  45'.  Covered  with  pumice-stone,  and  probably 
ignited  up  to  a  short  time  back,  like  Mount  Elias. 

The  volcano  of  Cook's  Inlet  (lat;  60°  8).  According 
to  Admiral  Wrangel  12,065  feet  high,  and  considei::ed  by 
that  intelligent  mariner,  as  well  as.  by  Yaiicouver>.  tp,  be 
b    an  active  volcano^. 

»  Karaten's  Archiv.fWr  Mineralogie,  Bd.  i,  1829,  s.  248. 

»  Humboldt,  EBsai  Polit,  sur  la  Nom.  Esp.,  t.  i,  p.  266.  torn,  ij^  p.  310. 

^According  to  a  manuscript  which  I  was  permitted  to  e^iimine  in 
the  year  1803,  in  the  Archives  of  Mexico,  the  whole  coast  of  Nutka, 
as  far  as  what  was  afterwards  called  **  Cook's  Inlet,"  was  visited  during 
the  expedition  of  Juan  Perez,  and  Estevan  Jos^  Martinez,  in.  the  year 
1774.  '•     -^     -^ 
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Mount  Elia^  lat.  6*0°  IT;  long.  136^  10  S(y\  Accord- 
ing- to  Mklaspina's  manuscripts,  which  I  found  in  the 
Archives  of  Mexico,  5441  m^res^  or  17,854  f&et.  Ac- 
cording to  Captain  Denham's  charts  from  1853  to  1856, 
the  height  Ls  only  14,970  feet. 

What  M*Clure^  in  his  account  of  the  North- West  Passage, 
calls  the  Volcano  of  Franklin's  Bay  (lat.  69°  57' ;  long  127°) 
eastward  of  the  mouth  of  the  Mackenzie  river,  seetaas  to  be 
a  kind'  of  etxrih-Jire,  or  salses,  throwing  out  hot,  sulphurous 
vapours.  An  eye-witness,  the  Missionary  Miertsching,  in- 
terpreter to  the  expedition  on  board  the  ship  "Investigator," 
found-  from  thirty  to  forty  columns  of  smoke  rising  from 
fissures  ia  the  earth,  or  from  small  conical  mounds  of  clays 
of  various  colours.  The  sulphurous  odour  was  so  strong 
that  it  was  scarcely  possible  to  approach  the  columns  of 
i^moke  within  a,  distance  of  twelve  paces.  No  rock  or 
other  solid  masses  could  be  discovered  in  the  immediate 
-dcinity.  Lights  were  seen  from  the  ship  at  night,  no  ejec- 
tions of  mud,  but  great  heat  of  the  bed  of  the  sea,  and 
small  pools  of  water  containing  sulphuric  acid  were  observed. 
The  district  merits  a  caneful  investigation,  and  the  pheno- 
menon stands  quite  unconnected  there,  like  the  volcanic 
action  of  the  Cerro  de  Buen  Tiempo,  or  of  Mount  EUas  in 
the  Califomian  Cascade  range  (M^Clure,  Discovery  of  the 
N.  W,  JBassage^  p.  99 ;  Papers  relative  to  the  Arctic  JSx- 
peditionf  ^854,  p.  34;  Miertsching's  Reise^Tagebueh ; 
Gnadau,  1855,  s.  46)^ 

I  have  hitiberto  treated  the  volcanic  vital  activities  of  our 
planet  in  their  intimate  connections,  as  if  forming  an  ascending 
scale  of  the  great  and  mysterious  phenomenon  of  a  reaction 
of  its  fused  interior  upon  its  surface,  clothed  with  animal  and 
vegetrfjle  organisms,  I  have  considered  next  in  order  to  the 
almost  purely  dynamic  effects  of  the  earthquake  (the  wave 
of  concussion)  the  thermal  springs  and  salses,  that  is  to  say, 
phenomena  produced,  with  or  without  spont-aneous  ignition, 
by  the  permanent  elevation  of  temperature  communicated  to 
l£e  water-springs,  and  streams  of  gas^  as  well  as  by  diversity 
of  chemical  mixture.  The  highest,  and  in  its  expressions, 
the  most  complicated  grade  of  the  scale,  is  presented  by  the 
volcanoes,  which  call  into  action  the  great  and  varied  pro- 
cesses of  crystalline  rock-formation  by  the  dry  method,  and 

2  £  2 
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which  conseqnently  do  not  simply  reduce  and  destroy,  "bnt 
appear  in  the  character  of  creative  powers,  and  form  the 
materiab  for  new  comhinations.  A  considerable  portion  of 
very  recent,  if  not  of  the  most  recent,  mountain-strata,  is  the 
work  of  volcanic  action,  whether  effected,  as  in  the  present 
day,  by  the  pouring  forth  of  molten  masses  at  many  points 
of  the  earth  from  peculiar  conical,  or  dome-shaped  elevated 
stages,  or,  as  in  the  early  years  of  our  planet's  existence, 
by  the  immediate  issuing  forth  of  basaltic  and  trachytic  rock 
by  the  side  of  the  sedimentary  strata,  from  a  net- work  of  open 
fissures,  without  the  intervention  of  any  such  structures. 

In  the  preceding  pages  I  have  most  careftilly  endeavoured 
to  determine  the  locality  of  the  points  at  which  a  commu- 
nication has  long  continued  open  betveeen  the  fluid  interior 
of  the  earth  and  the  atmosphere.     It  now  remains  to  sum 
up  the  number  of  these  points,  to  separate  out  of  the  rich 
abundance  of  the  volcanoes  which  have  been  active  in  very 
remote  historical  periods,  those  which  are  still  ignited  at  the 
present  day,  and  to  consider  these  according  to  their  division 
into  Continental  and  Insular  Volcanoes.     If  all  those  which, 
in  this  enumeration,  I  think  I  may  venture  to  consider  the 
lowest  limit  of  the  number,  were  simultaneously  in  action, 
their  influence  on  the  condition  of  the  atmosphere,  and  its 
climatic,  and  especially  its  electric  relations,  would  certainly 
be  extremely  perceptible  ;  but  as  the  eruptions  do  not  take 
place  simultaneously,  but  at  different  times,  their  effect  is 
diminished  and  is  confined  within  very  narrow  and  chiefly 
mere  local  limits.     In  great  eruptions  there  occur  around  the 
crater,  as  a  consequence  of  the  exhalation,  volcanic  storms, 
which  being  accompanied  by  lightning  and  torrents  of  rain, 
often  occasion  great  ravages ;  but  these  atmospheric  pheno- 
mena have  no  generally  extended  results.     Fop  that  the  re- 
markable obscurity  (known  by  the  name  o  jthe  dry  fog) 
which  for  the  space  of  several  months,  from  May  to  August 
of  the  year  1783,  overspread  a  very  considerable  part  of 
Europe  and  Asia,  as  well  as  the  North  of  Africa — while  the 
sky  was  seen  pure  and  untroubled  at  the  top  ot  the  lofty 
mountains  of  Switzerland— could  have  been  occasioned  by  the 
unusual  activity  of  the  Icelandic  volcanicity,  and  the  earth- 
quakes of  Calabria,  as  is  even  now  sometimes  maintained, 
seems  to  me  very  improbable  on  account  of  the  magnitude  of 
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the  effect  produced.*      Fet  a  certain  apparent  influence  of 

earthquakes,  in    cases  where   they  occupy  much  space  in 

changing  the  commencement  of  the  I'ainy  season,  as  in  the 

highland  of  Quito  and  Hiobamba  (in  February,  1797),  or  in 

the  south-eastern  countries  of  Europe  and  Asia  Minor  (in  the 

Autumn  of  1856),  might  indeed  be  viewed  as  the  isolated 

influence  of  a  volcanic  eruption. 

In  the  following  table  the  first  figures  denote  the  number 

of  the  volcanoes  cited  in  the  preceding  pages,  while  the  second 

figures,  inclosed  in  parentheses,  denote  the  number  of  those 

which  in  recent  times  have  given  evidence  of  their  igneous 

activity. 

Ntmber  of  Volcaiwes  on  the  Earfh, 

I  Europe  (above,  p.  349,  350) 
II  Islands  of  the  Atlantic  Ocean  (p.  351 — 354) 

III  Africa  (p.  354,  355) 

IV  Asia — Continental 

(1)  Western  and  Central  (p.  366—362) 

(2)  The  Peninsula  of  Kamtschatka  (p.  362—367) 
V  Eastern  Asiatic  Islands  (p.  367 — 377) 

VI  South  Asiatic  Islands  (p.  297—308,  377-  -382) 
YII  Indian  Ocean  (p.  382—388,  and  note  79  at  p.  385,  386) 
VIII  South  Sea  (p.  388—401,  notes  83—85  at  p.  389—391) 
IX  America — Continental  ... 

(1)  South  America  ... 

(a)  Chili  (p.  285,  note  75  at  p.  287—290)     ... 

(b)  Peru  and  Bolivia  (p.  286—291,  note  74  at 

p.  286,  287) 

(c)  Quito  and  New  Granada  (p.  285,  note  73 

at  p.  ^oo)  ...  ...  •••  .'• 

(2)  Central  America  (p.  268,  268—279,  285,  328, 

notes  66—68  at  p.  271—278)      ... 

(3)  Mexico,  south  of  the  Rio  Gila  (p.  279,  281, 

286,  308—328,  and  notes  6—13  at  p.  310— 
322,  401—429,  notes  7—14  at  p.  402—408) 

(4)  North- Western  America,  north  of  the  Gila 

(p.  409— 419)  ... 
The  Antilles^ 

Total    407    (226) 

*  [A  similar  fog  overspread  the  Tyrol  and  Switzerland  in  1766,  just 
before  the  great  earthquake  which  destroyed  Lisbon.  It  appeai*ed  to 
be  composed  of  earthy  particles  reduced  to  an  extreme  degree  of  fiue- 
ness.] — Tr. 

3^  In  the  Antilles  the  volcanui  activity  is  confined  to  what  are 
called  the  "  little  Antilles,*'  three  or  four  still  active  volcanoes  havijig 
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(4) 

14 

(8) 

3 

(1) 

25 

(15) 

11 

(6) 

14 

(») 

69 

(64) 

120 

(56) 

9 

(5) 

40 

(26) 

115 

(53) 

56 
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^22  dosicos. 

The  rettilt  of  this  l&boii<Mis  -work,  on  which  I  htxve  long 

hrok^  out  on  a  somewhat  ourvilineai*  Assure  runniDg  'from  sotttli  to 
nofth,  nearly  parallel  to  the  volesnte  fissure  6t  Central  America.  In 
the  oourse  of  the  cotiBidentiioiis  induced  ^by  Hbe  flimuItaueoUtoeto  of 
the  eAtthquakes  in  the  valleys  «f  tbe  riTers  Ohio,  Mississippi,  and  Ar- 
kansas, with  those  of  the  Orinoco,  and  of-fte'whoreof  Venezuela,  I  have 
already  deBcribed  the  little  sea  of  the  Antilles,  in  its  cottMeiMn  with 
the  Gulf  of  Mexico  and  the  great  plain  of  Louisiana,  between  thto  Mll»- 
gbanys  ^and  the  Rocky  Mountains.  <Ai  geognostic  views,  as  «  single 
ancient  basin  ( Votfoffe  aux  Rigimu  Eqwnoxlales,  t.  ii,  pp.  5  and  19;  see 
also  above,  p.  6).  This  basin  is  intersected  in  its  c^itre,  between  1S° 
and  22**  lat.  by  a  plutonic  mountain-range  from  Cape  Catoche  of  the 
peninsula  of  Yucatan  to  Tortola  and  Vii^en  gorda.  Cuba,  Haiti,  and 
Porto  Rico,  form  a  range  running  from  west  to  east,  parallel  with 
the  granite  and  gneiss 'Chain^fCaVwocas.  On  the  dther  hand,  the  Little 
Antilles,  which  are  for  the  most  part  volcanic,  unite -toge^er  the  plu- 
tonic chain  just  alluded  to  (that  of  the  Great  Antilles)  and  thuj^  of 
the  shore  of  Venezuela,  closing  the  southern  portion  of  the  basin  oft  the 
east.  The  still  active  volcanoes  of  the  Little  Antilles  lie  between  the 
parallels  of  IS*"  to  16|^%  in  the  foUowing  order,  reckoning  from  south 
to  north : — 

The  volcano  of  the  island  of  St.  Vincent,  stated  sometimes  at -81 97 
and  sometimes  at  5052  feet  high.  Since  the  eiruption  of  1718  all  re- 
mained quiet,  until  an  immense  ejection  of  lava  took  place  on  the  27th 
April,  1812.  The  first  commotions  commenced  as  early  as  May,  1811, 
near  the  Crater,  three  months  after  the  island  of  Sabrina  in  the 
Azores  had  risen  from  the  sea.  They  began  fMiitly  in  the  mountain- 
valley  of  Caraccas,  8496  feet  above  thesuiface  of  the  sea,  in  December 
of  the  same  .year.  The  complete  destruction  of  the  great  city  took 
place  on  the  26th  March,  1812.  As  the  earthquake  which  destroyed 
Cumana  on  the  14th  December,  1798,  was  with  justice  ascribed  to  the 
eruption  of  the  volcano  of  Guadaloupe  (the  end  of  September,  1796), 
in  like  manner  the  destruetio&of  Caraccas  appears  to  have  been  the  effect 
;of  the  reaction  of  a  southerly  volcano  of  the  Antilles, — ^that  of  St.  Vincent. 
'The  frightful  subterranean  noise,  like  the  thunderi^  of  cannon,  pro- 
duced by  a  violent  eruption  of  the  latter  Tolcano  on  the  30th  April, 
18 12, 'was  heard  on  the  distant  grass-plains  (Llanps)  of  Calabozo,  and 
on  the  shores  of  the  Rio  Apure,  192  geographical  milesfarther  to  the 
west  than  its  junction  with  the  Orinoco  {ffumboldt,  Voy.  t.  ii,  p.  14). 
The  volcano  of  St.  Vincent  had  thrown  out  no  lava  since  1718,  but  on 
the  30th  April,  a  stream  of  lava  flowed  from  the  summit  crater,  and  in 
four  hours  reached  the  sea  shore.  It  was  a  very  striking  circumstance, 
and  one  which  has  been  confirmed  to  me  by  very  intelligent  coasting 
marinei!^,  that  the  noise  was  very  much  stronger' on  the  open  bea,  far 
from  the  island,  than  near  the  shore. 

The  volcano  of  the  island  S.  Lucia,  commonly  called  only  a  solfa- 
tara,  is  scarcely  1200  to  1800  feet  high.  In  the  crater  are  sev^«I  small 
iMusins  periodicaUy  filled  with  boiling  water.  In  the  year  17^66,  an 
ejection  of  scorias  and  cinders  is  said  to  have  been  observed,  which  is 
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be^  oeeopied,  -ka^g  in  «11  (Sases  oonsulted  ihe  origmal 

certftinl^  an  unusual  pthenomenon  in  a  8o]fabara»  -for  although  ihe 
careful  iiivestigationB  of^ctmeB  f'orbea  and  Poulett  Scrope,  leave  no 
room  to  doiibt  that  an  aruption  took  place  ifrom  the  Solfatara  of  l^oz- 
2Uoli  in  iihe  yearll^S,  jet  one  might  be  inclined  to  consider  that  event 
«B  a  «dllateral  e^ect  produced  by  the  great  neighbouring  volcano,  Vesu 
vius  (See  !Porbes  in  the  Edmb,  7owrnaL  of  Science,  vol.  i,  p.  128,  and 
Poiileit  Sorope  in  the  Transact,  of  ^e  Oeol.  Soo.  2nd  Ser.  vol.  ii,  p.  346). 
Lancerote,  Hawaii  and  the  Sunda  Islands  furnish  us  with  analogous 
examples  of  eruptions  at  exceedingly  great  distances  from  the  summit 
craters^  the  peculiar  seat  of  action.  It  is  true  the  solfataraof  Pozzuoli  was 
not  disturbed  on  the  occasion  of  great  eruptions  of  Vesuvius  in  the 
years  1794, 1822,  1850  and  1855,  (Julius  Schmidt,  Ueber  die  Eruption  dee 
vesuve.  in  Mai,  1855,  p.  156),  though  Strabo  (lib.  v,.p.  245),  long  before 
the  eruption  of  Vesuvius,  speaks  of  fire,  somewhat  vaguely  it  is  true,  in 
the  scorched  plains  of  Dicaarcliia,  near  Cumoea  and  Phlegra.  Bicaarchia 
in  Hannibal's  time  received  the  name  of  Puteoli  from  ti^e  Bomans  who 
colonised  it.  "Some  are  of  opinion,"  continues  Strabo,  "  on  account  of 
the  bad  smell  of  the  water  that  the  whole  of  that  district  as  far  as 
Baiss  and  Cumoea  is  so  called,  because  it  is  full  of  sulphur,  fire  and 
yarm  water.  Some  think  that  on  this  account  Cumoea  (Cumanus  ager) 
is  called  also  Phlegra  .-. .  /'  and  ihen  agaih  Strabo  mentions  discha^es 
of  fire  and  water,  "rrpoxodg  rov  wvpbg  Kairov  I'^aroc)/* 

The  recent  volcanic  action  of  the  island  of  Martinique  in  the  llon- 
iagne  Pel^e  (according  to  Dupuget,  4706  feet  liigh),  the  Vauclin  and  the 
Pitons  du  Carbet  is  still  more  doubtfuL  The  great  eruption  of  vapour 
on  the  22nd  January,  1792,  described  by  Chisholm,  and  the  shower  o'f 
ashes  of  the  5th  August,  1^51,  deserve  to  he  more  thoroughly  inquired 
4nto. 

The  Soufri^re  de  la  (Guadeloupe,  according  to  the  older  measure- 
ments of  Amic  and  Le  Boucher,  5435  and  5109  feet  high,  but  accord- 
ing to  the  latest  and  very  correct  calculations  of  Charles  Sainte-CIaire 
Devilto,  only  4867  JTeet  high,  exhibited  itself  on  the  28th  Septembei^ 
1797,  78  days  before  the  great  earthquake  and  the  destruction  of  the 
town  of  Cumana,  as  a  volcano  ejecting  pumice  (Rapport  fait  au  G^n^ral 
Victor  Hugues  par  Amic  et  Hapel  sur  le  Volcan  de  la  Basse  Terre, 
dans  la  nuit  du  7  au  8  Vendimiaire,  ain  6,  pag.  46;  Humboldt,  Toyage, 
t.  i,  p.  316).  The  lower  part  of  the  mountain  is  dioritic  rock,  the  vol- 
canic cone,  the  summit  of  which  is  open,  is  trachyte,  containing  labra- 
dorite.  *Lava  does  not  appear  even  to  have  flowed  in  streams  from  the 
mountain  called  on  account  of  its  usual  condition,  the  Sovfri^e,  either 
from  the  summit  crater,  or  from  the  lateral  fissures,  but  the  ashes  of 
the  eruptions  of  Sept.  1797,  Dec.  1836,  and  Feb.  1837,  examined  by 
the  excellent  and  muc^  lamented  Pufr^noy,  withliis  peculiar  accuracy, 
were  found  to  be  finely  pulverised  fragments  of  lava,  in  which  fel- 
spathic  minends  (labradorite,  rhyakolite  and  sanidine)  were  recognisable 
'together  with  pyroxene.  (See  Lherm'inier,  Baver,  EUe  de  Beaumont 
and  Dufr^noy,  in  the  Comptee  vendue  de  VAcad,  dee  Sc  t.  iv,  1837, 
pp.  294 ;  651  and  743—749).    Small  fragments  of  quartz  have  also 
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sources  of   information    (the  geological  and  geographical 

been  reoognised  by  Deville  in  the  trachytes  of  the  soufiridre,  together 
with  the  crystals  of  labradorite  {ComptetrendtUf  t.  xxxii,  p.  675),  while 
Gustay  Rose  even  found  hezagonal-dodecahedra  of  quartz  in  the  tra- 
chytes of  the  volcano  of  Areqaipa  (Meyen,  Beise  vm  dUBrde,  Bd.  ii,  a.  23). 
The  phenomena  here  described,  of  the  temporary  ejection  of  very 
various  mineral  productions  from  the  fissure-openings  of  a  sou- 
fri^re,  remind  us  very  forcibly  that  what  we  are  accustomed  to  deno- 
minate a  solfatara,  soufri^re  or  f imiarole,  denotes  properly  speaking 
only  certain  conditions  of  volcanic  action.  Volcanoes  which  have  once 
emitted  lava ;  or«  when  that  failed,  have  ejected  loose  scoriae  of  con- 
siderable volume,  or  finally  the  same  scoriad  pulverised  by  trituration, 
pass  on  a  diminution  of  their  activity,  into  a  state  in  which  they 
yield  only  Aulphur  sublimates  of  sulphurous  add  and  aqueous  vapour. 
If  as  such  we  were  to  call  them  semi-volcanoes,  it  would  readily  convey 
the  idea  that  they  are  a  peculiar  clase  of  volcanoes.  Bunsen,  to  whom 
along  with  Boussingault,  Senarmont,  Charles  Deville  and  Danbree 
science  is  indebted  for  such  important  advances  for  their  ingenious 
and  happy  application  of  chemistry  to  geology,  and  especially  to  the 
volcanic  processes,  shows  ''how,  when  in  sulphur  sublimations, 
which  almost  always  accompany  volcanic  eruptions,  the  masses  of  sul- 
phur in  the  form  of  vapour  come  in  contact  with  the  glowing  pyroxene 
rooks,  the  sulphurous  acid  is  generated  by  the  partial  decomposition  of 
the  oxyde  of  iron  contained  in  those  rocks.  If  the  volcanic  action  then 
sinks  to  a  lower  temperature,  the  chemical  action  of  that  zone  then 
enters  into  a  new  phase.  The  sulphurous  combinations  of  iron  and 
]>erhaps  of  metals  «f  the  earths  and  alkalies  there  produced,  commence 
their  operation  on  the  aqueous  vapour,  and  Hbe  result  of  the  alternate 
action  is  the  generation  of  sulphuretted  hydrogen  and  the  products  of 
its  decomposition,  disengaged  hydrogen  and  sulphur  vapour.** — ^The 
sulphur  fumaroles  outlive  the  great  volcanic  eruptions  for  centuries. 
The  muriatic  acid  fumaroles  belong  to  a  different  and  later  period. 
They  seldom  assume  the  character  of  permanent  phenomena.  The 
muriatic  acid  in  the  gases  of  craters  is  generated  in  this  way ;  the 
common  salt  which  so  often  occurs  as  a  product  of  sublimation  in  vol- 
canoes, particularly  in  V esuvius^  is  decomposed  in  higher  temperatures, 
under  the  co-operation  of  aqueous  vapour  and  silicates,  and  forms 
mfuiatic  acid  and  soda,  the  latter  combining  with  the  silicates  pre- 
Bent.  Muriatic  acid  fumaroles  which,  in  Italian  volcanoes,  are  not  un- 
frequently  on  the  most  extennve  scale,  and  are  then  generally  accom- 
panied by  immense  sublimations  of  common  salt,  seem  to  be  of  a  very 
unimportant  character  in  Iceland.  The  concluding  stages  in  the  chro- 
nological series  of  all  these  phenomena  consist  in  mere  emanations  of 
carbonic  acid.  The  hydrogen  contained  in  the  volcanic  gases  has 
hitiherto  been  almost  entirely  overlooked.  It  is  present  in  the  vapour- 
springs  of  the  great  solfataras  of  Krisuvlk  and  Reykjalidh  in  Iceland, 
and  is  indeed  at  both  those  places  combined  with  sulphuretted  hydro- 
gen. When  the  latter  come  in  contact  with  sulphuric  acid,  they  are 
hoth  mutually  decomposed  by  the  separation  of  the  sulphur^  so  th^ 
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accounts  of  travels),  is  that,  out  of  407  volcanoes  cited  by 

they  can  never  occur  together.  They  ai*e  however  not  unfreqnently 
met  with  on  one  and  the  same  field  of  fumaroles  in  close  proximity  to 
each  other.  Unrecognisable  as  was  the  sulphuretted  hydrogen  gas  in 
the  Icelandic  solfataras  just  mentioned,  it  &iled  on  the  other  hand  en- 
tirely in  the  solfataric  condition  assumed  by  the  crater  of  Hecla  shortly 
after  the  eruption  of  the  year  1845, — that  is  to  say,  in  the  first  phase 
of  the  volcanic  secondaiy  miction.  Not  the  smallest  trace  of  sulphuretted 
hydrogen  could  be  detected,  either  by  the  smell  or  by  re-agents,  while 
the  copious  sublimation  of  sulphur,  the  smell  of  which  extended  to  a 
great  distance,  afforded  indisputable  evidence  of  the  presence  of  sul- 
phurous acid.  In  fact,  on  the  approach  of  a  lighted  cigar  to  one  of  these 
fumaroles  those  thick  clouds  of  smoke  were  produced  which  Melloni 
and  Piria  have  noticed  as  a  test  of  the  smallest  trace  of  sulphuretted 
hydrogen  {Comptes  rendus,  t.  xi,  1840,  p.  352,  and  Poggendoi^s  Arma- 
Im,  Erganzungsband,  1842,  s.  511).  As  it  may  however  be  easily 
seen  by  experiment  that  even  sulphur  itself,  when  sublimated  with 
aqueous  vapour,  produces  the  same  phenomenon,  it  remains  doubtful 
whether  any  trace  whatever  of  sulphuretted  hydrogen  accompanied 
the  emanations  from  the  crater  of  Hecla  in  1845,  and  of  Vesuvius  in 
.1843  (compare  Robert  Bunsen's  admirable  and  geologically  important 
treatise  on  the  processes  of  formation  of  the  volcanic  rock  of  Iceland, 
in  Poggend.  AnncU.  Bd.  Ixxxiii,  1851.  s.  241,  244,  246,  248,  254 
and  256 ;  serving  as  an  extension  and  rectification  of  the  treatises 
of  1847  in  Wohler*s  and  Liebig^s  Annalm  der  Chemie  wnd  Phar" 
macief  Bd.  Ixii,  s.  19).  That  the  emanations  from  the  solfatara  of 
Pozzuoli  are  not  sulphuretted  hydrogen,  and  that  no  sulphur  is 
deposited  from  them  by  contact  with  the  atmosphere,  as  Breislak  has 
conjectured  ^^Essai  Mmiralogique  tur  la  Soufridre  de  Pozzuoli, 
1792,  p.  128—180),  was  remarked  by  Gay-Lussac  when  I  visited  the 
Phlegrsean  Fields  with  him  at  the  time  of  the  great  eruption  of  lava  in 
the  year  1805.  That  acute  observer,  Archangelo  Scacchi  likewise  de- 
cidedly denies  the  existence  of  sulphuretted  hydrogen  (Memorie  geo- 
logicke  suUa  Cam/pcmia,  1849,  p.  49 — 121),  Piria's  test  seeming  to  him 
only  to  prove  the  presence  of  aqueous  vapour ;  —  '*  Son  di  awiso  che  lo 
Bolfo  emane  mescolato  a  i  vapori  acquei  senza  essere  in  chimica  combi- 
nazione  con  edtre  sostanze," — **  I  am  of  opinion  that  the  sulphur  ema- 
nates mixed  with  aqueous  vapours  without  being  in  combination  with 
other  substances."  An  actual  analysis,  however,  long  looked  for  by  me, 
of  the  gases  ejected  by  the  solfatara  of  Pozzuoli,  has  been  very  recently 
published  by  Charles  Sainte-Claire  Deville  and  Leblanc,  and  has  com- 
pletely estaiblished  the  absence  of  sulphuretted  hydrogen  {Compte* 
rendus  de  VAcad,  d,  Sc.  U  xliii,  1856,  p.  746).  Sartorius  von  Waltershau- 
sen,  on  the  other  hand,  observed  on  cones  of  eruption  of  Etna,  in  1811, 
a  strong  smell  of  sulphuretted  hydrogen,  where  in  other  years  sulphu- 
rous acid  only  was  perceived,  l^or  did  Charles  Deville  discover  any  sul- 
phuretted hydrogen  at  Girgenti,  or  in  the  Macalube,  but  a  small  por- 
tion of  it  on  the  eastern  declivity  of  Etna,  in  the  spring  of  Santa 
Yenerina.    It  is  remarkable,  that  throughout  the  important  series  o£ 
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235  have  exhibited  proo&  (^  BittmJty  in  JMofliim  ^ttoicg. 

PreviovB  irtatements  of  the  number'*  of  actiye  volcanoeB 

haifoe  given  nnnwtiin<Mj  about  30  a&d  «ometimes  about  -50 

leas,  beottOse  thegr  ^mae  fCG|ined  4Mi  diiiercttt  prinGipieB^ 

In  the  divitttisoL  tm&.e  by  me,  I  have  omAiid  n^^s^  to  ^^Dae 

TOkamoeB  -idiich  still  emit  vapou)-s,  6t  Vhich  liave  had 

historicallj  certain  eruptions  in  tl^  19ih  or  in  the  latter 

half  of  Uie  18ih  century.     There  are  doubtless  instances 

of  the  'intermiiMdan  of  eruptions  which  extend  creer  four 

centuries  and  more,  but  these  phenomefta  are  df  Very  raie 

occurrence.     We  are  acquainted  with  the  lengthened  series 

of  the  eruptions  of  Vesuvius  in  the,  years  79,  203,  512,  652^ 

983,  1138,  and  1500.     Previous  to  ^he  gzwat  eruption  of 

Epomeo  on  Isohia  in  the^^year  1302,  we  are  acquainted  onty 

with  those  which  occurred  in  the  36th  aftii  45th  years  beforfe 

our  era,  that  is  to  say,  55  years  before  the  eruption  of 

Vesuvius. 

Strabo,  who  died  afc  the  age  of  90  xmder  Tiberius  (99  yeius 

after  the  occupation  of  Vesuvius  by  Spartacu^),  and  Whom 

no  historical  account  df  any  fotmer  ei*upti6nliad  ever  reached, 

describes  Vesuvius  notwithstanding  as  an  ancient  and  long 

'extinct  volcano.     ^'  Above  the  piaces "  (Herctikneum  and 

Pompeii),  he  says,  "lies  the  Movant  Vesuios,  oi^v^red  tmaid 

'by  the  most  beautiful  farms,  except  on  the  sumlcdtr    ^is  is 

indeed  for  the  most  part ;  pretty  smooth,  but  o^-i  the  wliole 

chemiaal  anftlyMs  made  by  ^iMBingault  onigaenelJialing  trolcanoes  of 
the  Andes  (from  Purac^  and  Tollma  to  the  elevated  plains  of  las  Pastos 
and  Quito)/ both  muriatic  acid  and  sulphuretted  hydrogmi  (hydf<^^Be 
sulfureux)  are  wanting. 

^  The  following  numbers  are  given  in  older  works  as  those  4>f  the 
▼oleanoes  still  in  a  state  of  activity : — by  Werner,  1^9S;  by  Csesar  von 
Leonhard,  187 ;  by  Arago,  175  (Aatr(momiii  PoptUaire,  t.  iii,  p.  170).; 
variations  which,  as  eompared  with  my  results,  -all  show  a  differenoe 
ranging  from  ^  to  ^  in  a  downwalrd  direction,  occasioned  partly  by 
diversity  of  principle  in  Judging  of  the  igneous  state  of  a  volcano,  tM. 
partly  by  a  deficiency  of  materials  for  forming  a  correct  judgment.  It 
is  well  known,  as  I  have  previously  remarked,  and  as  we  leam  frdm 
historical  eacperienoe,  that  volcanoes  which  have  been  held  to  be  extinei; 
have,  after  the  lapse  of  very  long  periods,  'agskin  become  BitAWe,  and 
therefore  the  result  which  I  have  obtained  must  be  considered  as 
rather  too  low  than  too  high.  Leopold  von  Buoh,  in  the  supfklement 
to  his  masterly  description  of  the  Canary  Isles,  and  Iiakidg^ebe,  in 
his  Geography  of  Volcanoes,  have  not  attempted  >to  give  An^  ig^neral 
numerical  result. 


.J 
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tuxfruitlul,  and  '  having  an  ashy  appeamni^.  rft  exhibits 
fissured  hollows  of  red-coloifred  rock,  as  if  it  we're  ooitoded 
-by  fofe,  ^so  that  it  might  be  {supposed  thait  this  place  had 
fcmnerly  burned  and  had*gulphs  of  fire,  which,  hoWeV^,  hdd 
died  fifcway  when  the  fuel  became  consumed."  (StJpabb,'lib.  V. 
page  347,*Oasaub.)  This  description  of  the  primitive  form 
tof  Vesuvius  indicates  neither  a  cone  of  cinders  nor  a  Cratei*- 
like  iioikFirin^''  t^^tbe  uxoient  sminint,  9a&  jh,  is^ig  wifflcA 
in,  could  bav«  served  Spartacus^  and  his  gkdiiltors  for  « 
defe^nsive  stronghold. 

"^  This  description  is  therefore  totally  at  yariance  with  the  often 
repeated  representation  of  Vesuvins,  according  to  Strabo^  givei^  iu 
^Poggendorffs  Armalen  der  PhytUc,  Bd.  xzzvii,  s.  190,  Tafel  1.  It 
is  a  very  late  writer^  Dio  -CaMios,  under  Septimius  Sererus,  who 
first  speaks,  not  (as  is  firequently  supposed)  of  the  production  /of 
several  summits,  but  of  the  changes'  of  form  which  the  summits 
have  undergone  in  the  course  of 'time.  H^  records  (quite  in  con- 
firmation of  Strabo)  that  the  mountain  formerly  had  evetywherea 
flat  summit.  His  words  are  as  follows  (Ub.  Ixvi,  cap.  21,  idi.  Stun, 
vol.  iv,  1824,  p.  240): — "For  Veswvius  h  situated  by  the  sea  near 
Naples,  and  has  numerous  sources  of  fire.  The  whole  mountain  was 
formerly  of  uniform  height,  and  the  fire  arose  from  its  centre,  for  at 
this  pfitrt  only  is  it  in  a  state  of  combustion.  "Outwardly,  however,  thfe 
-whole  of  it  is  still  down  to  our  times  dev6id  of  fire.  But,  while  thid 
'exterior  is  always  without  conflagmtion,  (and  the  centre  is  dried  up 
(heated)  and  coilv«rted  into  cinders,- the  peaks  round  about  it  have  still 
their  ancient  beight.  But  the  whole  of  the  igneous  part,  being  con- 
sumed  by  length  of  time,  has  become  hollow  by  sinking  in,  so  that  the 
*Whole  mountain  (if  we  may  compare  a  sms^l  thing  "vi^ith  a  great) 
Teseknbles  an  amphitheatre."  {Comp,  Stvirz,  vol.  vi,  Annot,  ii,  p.  ^68). 
This  is  «  dear  description  of  those  mountam-naoBses  which,  since  the 
year  79,  have  formed  the  ma]>gins  of  the  crater.  The  explanation  of 
this  passage,  by  referring  it  to  the  Atrio  del  Cavallo,  appears  to  me 
erroneous.  According  to  the  large  and  excellent  hypsometrical  work 
of  that  distinguished  Olmutz  astronomer,  Julius  Schmidt,  for  the  year 
1855,  the  Punta  Nasone  of  the  Somma  is  3771  feeit,  the  Atrio  del 
'Cavallo,  at  the  foot  of  the  Punta  Nasone,  2661,  and  the  Punta  or 
Bocoa  del  Palo  (the  highest  edge  of  the  crater  of  Vesuvius  to  the 
north,  pp.  112 — 116;  3992  feet  high.  My  barometrical  measurements 
of  1822  (Ttt5<P8  of  Nature,  pp.  376 — 377>  gave  for  fiie  same  three  points 
3747  feet,  2577  feet,  and  4022  feet— showing  a  differenoe  of  24,  84,  and 
30  feet  respectively.  The  floor  of  the  Atrio  del  Cavallo  has,  according 
to  Julius  Schmidt  {Eruption  dea  Vesuvs  im  Mai  1855,  p.  95),  undergone 
great  alterations  of  level  since  the  eruption  of  Feb.  1850. 

^  VelleiuB  Paterculus,  who  died  under  Tiberiuls,  mentions  Vesuvius, 
it  is  true,  as  the  mountain  which  Spartacus  occt^pied  with  bis  gladiators 
(ii.  30),  while  Plutarch,  in  his  Biography  of  Crasfut,  cap.  ii,  speaks  only 
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Diodorus  Siculus,  likewise  (lib.  iv.  cap.  21,  o),  who  liyed 
under  Csesar  aad  Augustus,  in  his  account  of  the  progress  of 
Hercules  and  his  battles  with  the  giants  in  the  PhlegrsBan 
Fields,  describes  "  what  is  now  called  Vesuvius  as  a  \6<po9, 
which,  like  Etna  in  Sicilj,  once  emitted  a  great  deal  of  fire> 
and  (still)  shows  traces  of  its  former  ignition.'*  He  calls  the 
whole  space  between  Cumse  and  Naples  the  Phlegrsean  Fields, 
as  Folybius  does  the  still  greater  space  between  Capua  and 
Kola  (lib.  ii,  cap.  17),  while  Strabo  (lib.  v,  page  246)  describes 
with  much  local  truth  the  neighbourhood  of  Puteoli  (Dicse- 
archia),  where  the  great  Sol^Eitara  lies,  and  calls  it  '  Hpcuarov 
ar^opd.  In  later  times  the  name  of  to,  (l)\€%oaia  neBia  is 
ordinarily  confined  to  this  district,  as  at  this  day  geologists 
place  the  mineralogical  composition  of  the  lavas  of  the 
Phlegrsean  Fields  in  opposition  to  thoee  from  the  neighbour- 
hood of  Vesuvius.  The  same  opinion  that  in  ancient  times 
there  was  fire  burning  within  Vesuvius,  and  that  that 
mountain  had  formerly  had  eruptions,  is  most  distinctly 
expressed  in  the  architectural  work  of  Vitruvius  (lib.  ii, 
cap.  6),  in  a  passage  which  has  hitherto  not  been  sufficiently 
regarded : — "  Non  minus  etiam  memoratur,  antiquitus  crevisse 
ardores  et  abundavisse  sub  Vesuvio  monte,  et  inde  evomuisse 
circa  agros  flammam.  Ideoque  nunc  qui  spongia  sive  pwnex 
Fompejantbs  vocatur,  excoctus  ex  alio  genere  lapidis,  in  banc 
redactus  esse  videtur  generis  qualitatem.  Id  autem  genus 
spongise,  quod  inde  eximitur,  non  in  omnibus  locis  nascitur, 
nisi  circum  jiEtiiam,  et  collibus  Mysise,  qui  ii,  Greecis  xaraKer 
tcavuevot  nominantun'*  It  is  also  related  that  in  ancient 
times  the  fire  increased  and  abounded  beneath  Mount 
Vesuvius,  and  vomited  out  flame  from  thence  on  the  fields 
around.  So  that  now  what  is  called  spongia,  or  Pompeian 
pumex,  baked  out  of  some  other  kind  of  stone,  seems  to  have 
been  reduced  to  this  kind  of  substance.  But  that  kind  of 
spongia  which  is  got  out  of  there  is  not  produced  in  all 

of  a  rocky  district^  having  a  single  narrow  entrance.  The  servile  war 
of  Spartacufi  took  place  in  the  681st  year  of  Rome,  or  152  years  before  the 
eruption  of  Vesuvius  described  bj  Pliny  (24th  August,  79,  A.D.).  The 
circumstance  that  Florus,  a  writer  who  lived  in  the  time  of  Trajan,  and 
who,  being  acquainted  wiUi  the  eruption  just  referred  to,  knew  what 
was  hidden  in  the  interior  of  the  mountain,  calls  it  ''  cavus,"  proves 
nothing,  as  others  have  already  observed,  for  its  earlier  configuration 
(Flonua,  lib.  i,  cap.  16,  "Vesuvius  mons,  ^tnaei  ignis  imitator;**  lib,  iii, 
cap.  20,  "  fauces  oavi  montis}.'* 
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places,  only  around  -^tna  and  on  the  hills  of  Mysia,  which 
are  called  by  the  Greeks  KaraKCKavfievoi.)  "Now,  it  can  no 
longer  be  doubted,  since  the  investigations  of  Bockh  and 
Hirt,  that  Vitruvius  lived  in  the  time  of  Augustus,**  and 
conpequently  a  fiiU  century  before  the  eruption  of  Vesuvius, 
at  which  the  elder  Pliny  met  his  death.  The  passage  thus 
quoted,  therefore,  and  the  expression  ptrniea:  JPompeianus 
(thus  connecting  pumice-stone  with  Pompeii),  present  a 
special  geological  interest  in  relation  to  the  question  raised 
as  to  whether,  according  to  the  acute  conjecture  of  Leopold 
von  Buch,''*  Pompeii  was  overwhelmed  only  by  the  pumiceous 
tufa-beds  thrown  up  on  the  first  formation  of  Mount  Somma; 
the§e  beds,  which  are  of  submarine  formation,  covering  in 
horizontal  layers  the  whole  level  between  the  Apennine 
range  and  the  west  coast  of  Capua  as  far  as  Sorento,  and 
from  Nola  to  the  other  side  of  Naples, — or  whether  Vesuvius 
itself,  entirely  contrary  to  its  present  habit,  ejected  the 
pumice  from  its  interior. 

Both  Carmine  Lippi,*"  who  (1816)  describes  the  tufa 
covering  of  Pompeii  as  an  aqueous  deposit,  and  his  ingenious 
opponent  Archangelo  Scacchi,*®  in  the  letter  addressed  to  the 
Cavaliere  Praucesco  Avellino  (1843),  have  directed  attention 
to  the  remarkable  phenomenon  that  a  portion  of  the  pumice 
of  Pompeii  and  Mount  Somma  contains  small  fragments 
of  chalk  which  have  not  lost  their  carbonic  acid,  a  circum- 
stance which,  on  the  supposition  that  they  have  been  exposed 
to  a  great  pressure  during  their  igneous  formation,  can 
excite  but  little  surprise.   I  have  myself  had  the  opportunity 

^  At  all  events  Vitruvius  wrote  earlier  tiian  the  elder  Pliny,  as  is 
evident,  not  merely  because  he  is  three  separate  times  cited  by  Pliny 
in  his  list  of  authorities,  so  unjustly  attacked  by  the  English  translator 
Newton  (lib.  xvi,  zxzv,  and  xxxvi),  but  because  in  book  xxxv,  cap.  14, 
s.  170 — 172,  as  has  been  distinctly  proved  by  Sillig  (vol.  v,  1861, 
p.  277)  and  JBrunn  {I>i8s.  de  auctorum  indicibvs  Pliniomis,  Bonnse,  1856, 
pp.  55 — 60),  a  passage  has  actually  been  extracted  from  Vitruvius  by 
Pliny  himself.  See  also  Sillig's  edition  of  Pliny,  vol.  v,  p.  272.  Hirt, 
in  his  Essay  on  the  Pantheon,  places  the  date  of  Vitruvius's  writings  on 
Architecture  between  the  years  1 6  and  14  of  our  era. 

*  PoggendorfiTs  Awnalm,  Bd.  xxxvii,  s.  175 — 180. 

^  Carmine  Lippi:  Fu  U  fuoco  o  racqua  che  sotter^  Pom/pei  ed 
ErcoUmo  t  (1816)  p.  10. 

^  Scacchi,  Osservadoni  critiche  $ulla  maniera  come  fu  seppellita 
TAntica  Pompei,  1848,  pp.  8 — 10. 
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of  se^ng  E^>eciiaQDLS  of  tMs  pumice-«tone  in  the  isierestiiig 
geological  colleptions  of  mj  leonied  frieDd  aud  academical 
colleague^  Dp.  Ewald.  The  similarity  oC  the  mineralogical 
coBstitution  sub  two  opposite  points  naturally  gives  rise  to 
the  question^ — whether  that. which  covers  Pompeii  has  been 
thrown  down,  as  Leopold  von  Bueh  supposes^  during  the 
emption  of  the  vear  79.,  from,  the  declivities  of  SQmm%'-<K)r 
whether,  as  Soaochi  maintains,  the  newly-opened  ocater  of 
Yeoavi^s  has  ejected  pumice,  simultaneously  on  Pompeii  and 
on  Somma^?  What  was  known  as  ptme^t  Fompejimus  in 
the.  time  of  Yitruvius,  under  Augustus  ,caniea  us  back  to 
eruptions  befoi^e  the  time  of  Pliny,  and  from  the  experience 
we  have  respecting  the  variable  nature  of  the  formation^  in 
different  age^^nd  different  circumstances  of  volcanic  activity, 
we  should  beva&  little  warranted  in  absolutely  denying  that, 
siace  its  first  existence,  Yesuvius  could  have  ejected  pumice, 
as  we  should,  be  in  absolutely  taking  it  for  granted  that 
pumice — that  is  to  say,  the  fibrous  ot  porous  condition  of  a 
pyrogenous  mineral — coujd  only  be.  formed  where^  obsidian 
or  trachyte  with  vitreous>  felapair  (sanidine)  were  presents 

Although,  from  the  examples  which  have  been. cited  of  the 
length  of  the  periods  at  which  the  revival  of  a  slumbering 
volcano  may  take  place^  it  is  evident  that  much  uncertainty 
mu»t.  still  remain,  yet  ii  is  of  great  importance  to  verify 
th^  geographical  distribution  of'  burning  volcanoes  for  a 
determinate  period.  Of  the  2-2$  open  craters  through  which, 
in  the  middle  of  the  19th  ceoitury,  the  molten  interior  of 
the  eai^h  maintains  a  volcanic  communication  with  the 
atmosphere,  70,  that  is  to  say,  one-third,  are  situated  on  the 
continents,  and  155,  or  two-thirds,  on  the  islands  of  our 
globe.  Of  the  70  continental  volcanoes,  53,  or.  three-foujrths, 
belong  to  America,  1/5  to  Asia,  1  to  Europe,  and  1  or  2  to 
that  portion  of  the  continent  of  Africa  hitherto  known  to  us. 
In  the  South- Asiatic  islands  (the  Bundas  and  Moluccas),  as 
well  as  in  the  Aleutian  and  Kurile  Islands,  the  greatest  num- 
ber of.  the  island  volcanoes  are  situated  in  a  very  limited 
space.  The  Aleutian  Isles  contain,  perhaps,  more  volcanoes 
active  in  late  historical  times  than  the  whole  continent  of 
South-America.  On  the  whole  surface  of  the  earth,  the  tract 
containing  the  greatest  number  of  volcanoes  ii?  tiiat  "v^hich 
ranges  between  73°  west  and    127®  east  longitudCi  and 


TBXJE  YOLCAirOES.  431 

between  47°  south  and  66°  north  latitude,  in  a  direction^ 
from  south-east-  to  north-west.. 

K  we  suppose  the'  great  gulph  of  the  se%.  known  under 
the  maoe  of  the  South  Sea^  or  South  Pacific  Oeean^  to. be 
coamically  bounded  by.  the  parallel  of  Behrii^'ft,  StnutB,  and 
that  of  Kew  Zealand^  which  is.  also  the  parallel  of  South- 
Chili  and  North  Patagonia,  wo  shall  find — and- this  result 
is  yery  remarkable-r-in  the  interior  of  the-  baaing  aa  well 
as  around  it  (on  its  Asiatic  and  American  continents  boun- 
daries), 19d,  or  nearly  aeven-eightha.of  the  225  still  active 
volcanoes  of  the^  whole  earth.  The.  volcanoes  nearest  the 
poles  are,  so  &r  asi  our  present  geogn^hical  knowledge  goes, 
in  the  north^n  hemisphere  the  volcano  Esk^  on  the-  small 
iskmd  of  Jan  Meyen,  in  lat.  7F 1',  and  west  longt  7°  30-  30'', 
and  in  the  southern  hemisphere  Mount  Erebus>  whose  red 
flames  are  visible  even  by  day,  and-  which  Sic  James.  Ross," 
on  hifl  great  southern  voyage  of  discovery  in  1841,  found  to 
be  12,400  feet  high,  or  about  240  feet  higher  than  the  Peak 
of  Tenerifie,  in  lat.  77^^  33',  and  long.  1 66°  58^  30"  east. 

The  great  number  of  volcanoes  on  the  islands  and  on 
the  shores  of  continents  must  have  early  led  to  the  investi- 
gation by  geologists  of  the  causes  of  this  phenomenon.  I 
have  already,  in  another  ^aoe  {Oosmos,  vol.  i,  p  242),  men- 
tioned the  confused  theory  of  Trogus  Pompeiuaimder  Augus- 
tus, who  supposed-  that  the  sea-wxtiber  excited  the  volcanic  firSi 
Chemical  and  mechanical  reasons  for  this  supposed  eOaet  of 
the  sea  have  been  adduced  to  the  latest-,  times.  I3ie  old 
hypothesis  of  the  sea-water  penetrating,  into,  the  volcanic 
focus  seemed  to  acquire  a  firmer  foundation  at  the  time  o£  the 
discovery  of  the  metals  of  the  earth  by  Davy,  but  the  great 
discoverer  himself  soon  abandoned  the  theory  to  which  even 
Gky-Lussac  inclined,^  in  spite  of  the  rare  occurrence,  or. total 
absence  of  hydroffen  gas«  Mechanical^  or  rather  djaiamical 
causes,  whether  sought  for  in  the  contcaction.  of  the>  upper 
crust  of  the  earth  and  the  rising  of  continents,  or  in  the 
locally  diminished  thickness  of  the  inflexible  portion  of  the 

^  sir  James  Roes,  Voyage  to  the  Antartie  Begions,  ^.  i,  pp.  217, 
220,  and  304. 

^  Gay-Lusaac,  JUJlexions  8W  lea  Volcana  in  the  Annalet  d4  Chimie  et 
de  Physique,  t.  xzii,  1823,  p^  429;  see  above,  p.  l«9^;'Arago^  (Euvrea 
convplHu,  t.  iii,  p.  47. 
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earth's  crust,  might,  in  my  opinion,  offer  a  greater  appearance 
of  probability.  It  is  not  difficult  to  imagine  that  at  the 
margins  of  the  up-heaving  continents  which  now  form  the 
mote  or  less  precipitous  littoral  boundary  visible  over  the 
surface  of  the  sea,  fissures  have  been  produced  by  the  simul- 
taneous sinking  of  the  adjoining  bottom  of  the  sea,  through 
which  the  communication  with  the  molten  interior  is  pro- 
moted. On  the  ridge  of  the  elevations,  far  from  that  area 
of  depression  in  the  oceanic  basin,  the  same  occasion  for 
the  existence  of  such  rents  does  not  exist.  Volcanoes  follow 
the  present  sea-shore  in  single,  sometimes  double,  and  some- 
times even  triple  parallel  rows.  These  are  connected  by 
short  chains  of  mountains^  raised  on  transverse  fissures,  and 
forming  mountain-nodes.  The  range  nearest  to  the  shore  is 
frequently  (but  by  no  means  always)  the  most  active,  while 
the  more  distant,  those  more  in  the  interior  of  the  country, 
appear  to  be  extinct  or  approaching  extinction.  It  is  some- 
times thought  that,  in  a  particular  direction  in  one  and  the 
same  range  of  volcanoes,  an  increase  or  diminution  in  the 
firequency  of  the  eruptions  may  be  perceived,  but  the  pheno- 
mena of  renewed  activity  after  long  intervals  of  rest  render 
this  perception  very  uncertain. 

As  many  incorrect  statements  of  the  distance  of  volcanic 
activity  from  the  sea  are  circulated,  either  through  ignorance 
of,  or  inattention  to,  the  exact  localities  both  of  the  volcanoes 
and  of  the  nearest  points  of  the  coast,  I  shall  here  give  the 
following  distances  in  geographical  miles  (each  being  equal 
to  about  2030  yards,  or  60  to  a  degree)  : — In  the  Cordilleras 
of  Quito,  the  volcano  of  Sangay,  which  discharges  uninter- 
ruptedly, is  situated  in  the  most  easterly  direction,  but  its 
distance  firom  the  sea  is  still  112  miles.  Some  very  intelli- 
gent monks  attached  to  the  mission  of  the  Indies  Andaquies 
at  the  Alto  Putumayo  have  assured  me  that  on  the  upper 
Kio  de  la  Fragua,*^  a  tributary  of  the  Caquetaj  to  the  eastward 
of  the  Ceja,  they  had  seen  smoke  issue  from  a  conical  moun- 

^^  The  position  of  the  Yolcan  de  la  Fragaa,  as  reduced  at  Timana,  is 
N".  L.  1*  48'^  long.  75"  30'  nearly.  Compare  the  Carte  HypaonUtrique 
dea  Noevds  de  Montoffnea  dans  lea  CordUUrea,  in  the  large  atlas  of  my 
travels,  1831,  pi.  5,  see  also  pi.  22  and  24.  This  mountain,  lying 
isolated  and  so  far  to  the  east,  ought  to  be  visited  by  a  geologist 
capable  of  determining  the  longitude  and  latitude  .astronomically. 
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tain  of  no  great  height,  and  whose  distance  from  the  coast 
must  have  been  160  miles.  The  Mexican  volcano  of  JoruUo, 
which  was  elevated  above  the  surface  in  September,  1759,  is 
84  miles  from  the  nearest  point  of  the  sea-shore  (see  above, 
pp.  314-321) ;  the  volcano  of  Popocatepetl  is  132  miles ;  an 
extinct  volcano  in  the  eastern  Cordilleras  of  Bolivia,  near  S. 
Pedro  de  Cacha,  in  the  vale  of  Tucay  (see  above,  p.  295), 
is  upwards  of  180  miles ;  the  volcanoes  of  the  Siebenge- 
birge,  near  Bonn,  and  of  the  Eifel  (see  above,  p.  231 — 238), 
are  from  132  to  152  miles;  those  of  Auvergne,  Velay,  and 
Vivarais,**  distributing  them  into  three  separate  groups  (the 
group  of  the  Puy  de  D6me,  near  Clermont,  with  the  Mont 
Dore,  the  group  of  the  Cantal,  and  the  group  of  the  Puy  and 
Mezenc),  are  severally  148,  116,  and  84  miles  distant  from 
the  sea.  The  extinct  volcanoes  of  Olofc,  south  of  the  Pyrenees, 
west  <Jf  Gerona,  with  their  distinct  and  sometimes  divided 
lava-streams,  are  distant  only  28  miles  from  the  Catalonian 
shores  of  the  Mediterranean,  while,  on  the  other  hand,  the 
undoubted,  and  to  all  appearances  very  lately  extinct,  vol- 
canoes in  the  long  chain  of  the  Kooky  Mountains,  in  the 
north-west  of  America,  are  situated  at  a  distance  of  from  600 
to  680  miles  from  the  shore  of  the  Pacific. 

A  very  abnormal  phenomenon  in  the  geographical  distri- 
bution of  volcanoes  is  the  existence  in  historical  times  of 
active,  and  partially,  perhaps,  even  of  burning  volcanoes  in 
the  mountain-chain  of  the  -Thian-shan  (the  Celestial  Moun- 
tains), between  the  two  parallel  chains  of  the  Altai  and  the 
Kuen-liin.  The  existence  of  these  volcanoes  was  first  made 
known  by  Abel-R6musat  and  Klaproth,  and  I  have  been 
enabled^  by  the  aid  of  the  able  and  laborious  investigations  of 

^  In  these  three  groups  which,  aocording  to  the  old  geographical 
nomenclature,  belong  to  Auvergne,  the  Yivarais,  and  the  Velay,  the 
distances  given  in  the  text  are  those  of  the  northernmost  parts  of  each 
group  as  taken  from  the  Mediterranean  Sea  (between  the  Golfe  d'Aigues 
Mortes  and  Cette).  In  the  first  group,  that  of  the  Puy  de  Ddme,  a 
crater  erupted  in  the  granite  near  Manze^,  called  Le  Gour  de  Tazena, 
is  taken  as  the  most  northerly  point  (Rozet,  in  the  M4m.  de  la  SocUti 
Qiol.  de  France,  t,  i,  1844,  p.  119).  Farther  south  than  the  group  of 
the  Cantal,  and  therefore  nearest  the  sea-shore,  lies  the  small  volcanic 
district  of  la  Guiolle  near  the  Monts  d'Aubrac,  north-west  of  Chirac, 
and  distant  scarcely  72  geographical  miles  from  the  sea.  Compare  the 
Carte  Giologique  de  la  France,  1841, 
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Stanislas  Julien,  to  treat  of  them  folly  in  my  work  on  Central 
Asia."    The  relative  distances  of  the  Yolcano  of  Pensban 

^  Humboldt,  Asie  CentraU,  t,  ii,  i^.  7 — 61,  216,  and  335-^^64^ 
Costnos,  vol.  i,  p.  244.    The  mauhtain-lake  i>f  Issikul,  oa  the  northern 
slope  of  the  Thian-shan,  which  vrafl  lately  visited  for  the  first  time  hy 
Russian  travellers,  I  found  marked  on  the  famous  Catalonian  map  of 
1374,*  which  is  preserved  as  a  treasure  among  the  bianuscripts  of  the 
Paris  library.     Strahlenberg,  in  his  work  entitled  Der  ndrdlicke  uitd 
dstliche  Tkeil'von  £iir'opa  md  Asien,  (Stockholm,  1730,  s.  327),  has  the 
merit  of  having  first  represented  the  Thian-shan  as  a  peculiar  and  inde- 
pendent chain,  without  however  being  aware  of  its  volcanic  action.   He 
gives  it  the  very  indefinite  name  of  Mousart,  which, — as  the  Bolor  was 
designated  by  the  general  title  of  Mustag,  which  pioticularizes  nothing, 
and  merely  indicates  snow, — ^has  for  a  whole  century  occasioned  as 
erroneous  representation,  and  an  absurd  and  confused  nomenclature  of 
the  mountain-ranges  to  the  north  of  the  Himalaya,  confounding  meridian 
and  parallel-chains  with  each  other.    Mousart  is  a  corruption  of  the 
Tartaric  word  Muztag,  synonymous  with  our  expression  snowy  chains 
the  Sierra  Nevada  of  the  Spaniards,  the  Himalaya  in  the  Institutes  of 
Menu, — signifying  the  habitation  (a2a^)of  6now(/^«ma),  and  the  Sineshan 
of  the  Chinese.   Eleven  hundred  years  before  Strahlenberg  wrote,  under 
the  dynasty  of  Sui,  in  the  time  of  Dagobert,  king  of  the  Franks,  the 
Chinese  possessed  maps,  constructed  by  order  of  the  Government,  of 
the   countries   lying    between   the  Yellow   River    and   the   Caspian 
Sea,  (m  which  the  Kuen-lun  and  the  Thian-shan  were  marked.     It  was 
undoubtedly  these  two  chains,  but  especially  the  first,  as  I  think  I  have 
shown  in  another  place  {Asie  C&tUr.  t.  i,  pp.  '118 — 120,  104—203,  and 
t.  ii,  p.  413 — 425),  which,  when  the  march  of  the  Macedonian  army 
had  brought  the  Greeks  into  closer  acquaintance  with  the  interior  of 
^sia,  spread  among  their  geographers  the  knowledge  of   a  belt  cHT 
mountains  extending  from  Asia  Minor  to  the  eastern  sea,  from  Ladlii 
and  Scythia  to  Tbince,  thus  cutting  the  whole  continent  into  two 
halves  (Strabo,  lib.  1,  p.  Q^f  lib.  zi,  p.  490).     DicsearOhus,  and  after  him 
Eratosthenes,  denominated  this  chain  the    elongcUed    Tawnis;    the 
Himalaya  chain  is  included  under  this  appellation.     ''That  which 
bounds  India  on  the  north,"  we  are  expressly  told  by  Strabo  (lib.  xv, 
p.  689),  "from  Ariane  to  the  eastern  sea,  is  the  extt'emest  portions  of 
the  Taurus,  which  are  separately  cabled  by  the  natives  Btiix^pamisoB, 
Emodon,  Imaon,  and  other  nanres,  but  which  the  Maoedonia^ns  oaU'the 
Caucasus."  In  a  previous  part  of  the  book,  in  describing  Bactriana  and 
Sogdiana  (lib.  xi,  p.  519),  he  says,  ''the  last  portion  of  the  Taurus, 
which  is  called  Imaon,  touches  the  Indian  (eastern)  Seai"    The  terms 
"  on  this  side  and  on  that  liide  the  Tatirus,"  had  l*eference  to  :v«hat  Was 

[*  This  curious  Spanish  map  was  t^e't^tftt  df  'thegredt  cotntaiercial 
relations  which  existed  at  that  time  between  Mnjorca  and  Italy,  Egypt 
and  India.    See  a  more  full  notice  of  it  in  Aiie  CentraU,  loe.  ci^.— TiLj 
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(Mo&t  Slane)  with  itH  lava-stlreaiiis,  ahd  the  still  b^nung 

believed  tb  be  a%ingl&  iran^^ 'tunning  east  and  west;  that  is  to  6ay/a 
parallel-chain.    Strabo  was  aWiiJk>e  -of  this,  for  he  says, '"  the  Greeks  caH 
the  half  of  the  region  of  Atda  lookinfg  to  the  nolrth  IM9  Me  ike  Tawnii, 
and  the  half  towiffds  the  Bott<Ai  thtU  dde*'  (lib.  ii,  p.  129).    In  the  later 
times  of  Ptolemy,  however,  when  commerce  in  general,  and  particularly 
the  silk-trade,  became  animated,  the  appellation  6f  Imaus  was  trans- 
ferred to  a  meridian  chain,  the  Bolor,  as  many  passages  of  the  6th  book 
show  {A  tie  Gentr.  t.  i,  pp.  -146—162).    The  Unein  which,  parallel  to  the 
equator,  the  Taurus  range  intersects  the  whole  region,  according  to 
Hellenic  ideas,  was  first  called  by  BiocearchHCs  a  pupH  of  the  Staginte, 
a  Diaphragma  (partition-wall),  because,  by  means  of  perpendicular  lines 
drawn  f  roin  it,  the  geographical  width  of  other  points  could  be  measured. 
The  t&iphragma  was  the  parallel  of  Khodes,  extended  on  the  west  to 
the  pillars  of  Hercules,  and  on  the  east  to  the  eoast  of  Thin»  (Agatke- 
meres  in  Hudson's  Oeogr,  Or.  Min,,  vol.  ii,  p.  4).    Hie  divisional  line  of 
Dicsearchus,  equally  interesting  in  a  geological  and  an  orcgraphical  point 
of  view,  passed  into  the  work  of  Eratosthenes^  wlio  mentions  it  in  the 
8rd  book  of  his  description  of  the  earth,  in  illustration  of  his  table  of 
the  inhabited  world.    Strabo  places  so  much  importance  on  this  direc- 
tion fmd  partition  line  of  Eratosthenes  that  he  (lib.  i,  p.  65)  thinks  it 
possible  "  that  on  its  eastern  extension,  which  at  Thinse  passes  through 
the  Atlantic  Sea,  there  might  be  the  site  of  another  inhabited  world> 
or  even  of  several  worlds  ;**  although  he  does  not  exactly  predict  that 
they  will  be  found  to  exist.    The  expression  "Atlantic  Sea"  may 
seem  remarkable  as  used  instead  of  the  "Eastern  sea,"  as  the  south  sea 
(the  Pacific)  is  usually  cabled,  but  as  our  Indian  Ocean,  south  of  Bengal^ 
is  called  in  Strabo  the  Atlantic  South  Sea,  so  were  both  seas  to  the 
south-east  of  India  considered  to  be  connected,  and  were  frequently 
confounded  togethet.   Thus,  we  read,  lib.  ii,  p.  130,  "  India,  the  largest 
and  most  favoured  country,  which  terminates  at  the  eastern  sda  and 
at  the  Atlantic  South  Sea,"  ftnd  again,  lib.  xv,  p.  689,  "'the  southern 
and  eastern  sides  of  India,  which  are  much  lai^ger  than  die  other  sides, 
run  into  the  Atlantic  Sea,"  in  which  passage,  as  well  as  in  Uie  one 
above  quoted  regarding  ThinsB  (lib.  i,  p.  60),  the  expression  "  eastern  sea" 
is  even  avoided.  Having  been  unintOTTuptedly  occupied  since  the  year 
1792  with  the  strike  and  in^inatien  of  tAie  mountain-strata,  attd  their 
relation  to  the  bearings  of  the  ranges  xd  mountains,  I  have  thoujgb^ 
it  right  to  point  arttention  to  the  fact  tbat^  taken  in  the  meain,  thie 
equatorial  distance  of  the  Kuen-liin,  throughout  its  whole  extent^  as 
well  as  in  its  western  prolongation  by  the  Hindu-Kho,  points  towards 
t&e  basm  of  tlie  Mectiterraliean  Sea  and  the  Straits  of  Gibraltar  {Asie 
Centr.y  t.  i,  pp.  llS-^127,  and  t.  4i,  pp.  115^18),  and  that  ^e  sinking 
of  the  bed  of  the  sea  in  a  great  basin  which  is  volcanic,  especially  on 
the  northern  margin,  may  very  possibly  be  connected  n^  this  up- 
heaval and  folding  in^    My  fnesd,  filie  de  Beaumont,  so  thoroughly 
acquainted  with  all  thait  relates  ^to  >geolog»cal  beatfings,  is  opposed  to 
these  views  on  lozodnftoitai  .pemeiplet  {^Mi^  ^'tlffr  iet  Syttimet  de 
Montagnee,  1^62,  t.  ii,  p.  667). 
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igneous  mountain  (Hotschen)  of  Turfan,  from  the  shores  of 
the  Polar  Sea  and  the  Indian  Ocean,  are  abnost  equally  great, 
about  1480  and  1520  miles.  On  the  other  hand,  the  distance 
of  Pe-shan,  whose  eruptions  of  lava  are  se|)aratel7  recorded, 
from  the  year  89  of  our  era  up  to  the  7th  century,  in  Chinese 
works,  from  the  great  mountain-lake  of  Issikul  to  the  descent 
of  the  Temurtutagh  (a  western  portion  of  the  Thian-shan)  is 
only  172  miles,  while  from  the  more  northerly  situated  lake 
of  Balkasch,  148  miles  in  length,  it  is  208  miles  distant.^ 
The  great  Dsaisang  lake,  in  the  neigbourhood  of  which  I  was 
during  my  stay  in  the  Chinese  Dsungarei  in  1829,  is  360  miles 
distant  from  the  volcanoes  of  Thian-shan.  Inland  waters 
are  therefore  not  wanting,  but  they  are  certainly  not  in  such 
propinquity  as  that  which  the  Caspian  Sea  bears  to  the  still 
active  volcano  of  Demavend  in  the  Persian  Mazenderan. 

While,  however,  basins  of  water,  whether  oceanic  or  in- 
land, may  not  be  requisite  for  the  maintenance  of  volcanic 
activity, — ^yet,  if  islands  and  coasts,  as  I  am  inclined  to 
believe,  abound  more  in  volcanoes  only  because  the  elevation 
of  the  latter,  produced  by  internal  elastic  forces,  is  accom- 
panied by  a  neighbouring  depression  in  the  basin  of  the  sea,^ 
so  that  an  area  of  elevation  borders  on  an  area  of  depres- 
sion, and  that  at  this  bordering-line  large  and  deeply  pene- 
trating fissures  and  rents  are  produced, — it  may  be  supposed 
that  in  the  central  Asiatic  2one,  between  the  parallels  of 
41°  and  48,°  the  great  Aralo-Caspian  area  of  depression,  as 
well  as  the  large  number  of  lakes,  whether  disposed  in  ranges 
or  otherwise,  between  the  Thian-shan  and  the  Altai-Kurts- 
chum,  may  have  given  rise  to  littoral  phenomena.  We  know 
from  tradition  that  many  small  basins  now  ranged  in  a  row 
like  a  string  of  beads  {laes  a  chapelet)  once  upon  a  time 
formed  a  single  large  basin.  Many  large  lakes  are  seen  to 
divide  and  form  smaller  ones  from  the  disproportion  be- 
tween precipitation  and  evaporation.  A  very  experienced 
observer  of  the  Kiighis  Steppe,  General  Genz  of  Oren- 
burg, has  conjectured  that  there  formerly  existed  a  water- 

**  See  above,  p.  358. 

^  See  Arago,  Sur  la  cause  de  la  depression  d'une  grande  partie 
de  TAsie  et  sur  le  phdnom^ne  que  les  pontes  les  plus  rapides  dea 
chaines  de  montagnes  sont  (g6a^ralement)  toum^es  vers  la  mer  la 
plus  voisine,  in  his  Astronomie  Populaire,  t.  iii.  pp.  1266—1274. 
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eommunication  between  the  Sea  of  Aral,  tHe  AJksakal, 
tHe  Saiy-Kupa  and  the  Tschsigli.  A  great  funow  is 
observed,  ruiming  from  south-west  to  uorth-east,  which 
may  be  traced  by  the  way  of  Omsk,  between  Irtisch  and 
Obi,  through  the  steppe  of  Barabinsk,  which  abounds  in 
lakes,  towards  the  moory  plains  of  the  Samoiedes,  towards 
Beresow  and  the  shore  of  the  Arctic  Ocean.  With  this 
furrow  is  probably  connected  the  ancient  and  wide-spread 
tradition  of  a  Bitter  Lake  (called  also  the  Dried  jjake, 
Hanhai)  which  extended  eastward  and  southward  from 
Hand,  and  in  which  a  portion  of  the  €robi,  whose  salt  and 
reedy  centre  was  found  by  Dr.  von  Bunge's  careful  baro- 
metrical measurement  to  be  only  2558  feet  above  the  level 
of  the  sea,  rose  in  the  form  of  an  island.^*  It  is  a  geological 
fact,  which  has  nc^  hitherto  received  its  due  share  of  atten- 
tion, that  seals,  exactly  similar  to  those  which  inhabit  the 
Caspian  Sea  and  the  Baikal  in  shoals,  are  foimd  upwards  of 
400  miles  to  the  east  of  the  Baikal  in  the  small  fi^sh-water 
lake  of  Oron,  only  a  few  miles  in  circumference.  The  lake 
is  connected  with  the  Witim,  a  tributary  of  the  Lena,  in 
which  there  are  no  seals.*'  The  present  isolation  of  these 
animals  and  their  distance  form  the  mouth  of  the  Yolga 
(fully  3600  geographical  miles)  form  a  remarkable  geological 
phenomenon,  indicative  of  an  ancient  and  extensive  con- 
nection of  waters;  Can  it  be  that  the  numerous  depressions 
to  which,  throughout  a  large  tract  of  country,  this  central 
part  of  Asia  has  been  exposed,  have  called  forth  exception- 
ally, on  the  convexity,  of  the  continental  swelling,  conditions 
similar  to  those  produced  on  the  littoral  borders  of  the  fis- 
sures of  elevation  ? 

From  reliable  accounts  rendered  to  the  Emperor  Kanghi^ 
we  are  acquainted  with  the  existence  of  an  extinct  volcano 
far  to  the  east,  iu  the  north-western  Mantschurei,  in  the 
neighbourhood  of  Mergen  (probably  in  lat.  48^°  and  long. 
12^  20'  east).  The  eruption  of  scori»  and  lava  from  the 
moimtain  of  Bo-shan  or  XJjun-Holdongi  (the  Nine  Hills) 

^  Klaproth,  Asia  PolygUdta,  p.  232,  and  M^mmres  rdaUf^d  VAtU 
(from  the  Chinese  Encyclopedia,  publiflhed  by  command  of  the  Em- 
peror Eang-hi,  in  1711),  t.  iL  p.  342 ;  Humboldt,  AaU  Ctntrdk,  t.  ii, 
pp.  125  and  135—143. 

^  Pallas,  Zoographia  Bosao-Asiatica,  1811,  p.  1X5. 
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from  12  to  16  milest  in  a  aouthnwesterly  dii^ection  fiom 
Margen^  took  plaoeuin  January  17^1.  Tke  mounds  of  scorise 
tbrovn  out,  on  that  oocasioH,  aooovding  to  the  vepopt  of  the 
peuions  sent  by  the  Emperor  Kanghi  to  inrestigate  the  cir- 
eumstanoesy  were  24  geographical  milefr  in  circumfSBrence  ;  it 
waa  like\Fifie  mentioned  that  a  stream  of  lava,  damming  up 
the  water  of  the  river  Udelin,  had  formed  a  lake^  In  the 
7th  century  of  our  era  the  Borshan  i&  said  to  haye  had  a 
previous  igneous  eruption.  Its  distance  from  the  sea  is 
about  420  geographi<»l  miles,  »milar  to  that  of'  the  Him- 
alaya,^ so  that  it  is  upwards  of  three  times  more  distant  than 

^  It  is  not  in  the  Himalaya  range,  near  the  sea  (some  portions  of  it 
between  the  colossal  Kunchinjinga  and  Shaimalari,  approach  the  shore 
of  the  Bay  of  Bengal  within  428*  and  376  geographical  miles),  that  the 
volcanic  action  ha»  firait.  bnijst.  forth,  but-  in  the  third,  or  interior, 
parallel  chain,  the  Thiattrshan,  nearly  four  times  as  ia^  semoved  from 
the  same  shore,  and  thaji  under  very  special  circumstances,,  the  subsi- 
dence of  ground  in  the  neighbourhood  4oranging  strata  and  causing 
fissures.  We  learn  from  the  study  of  the  geographical  works  of  the 
Ghinese,  first  instigated  by  me  and  afterwards  continued  by  my  friend 
Stanislas  Julien,  that-  the  Kuen-liin,  the  northern  boundary  range  of 
Tibet,  the  Tsi-^-sban  of  thor  Mongols^  alaio  possesses  in  the  hiU  of 
Shin-Khieu  a  caven\  emitting  uninterrupted  flames  {Asie.  CentrcUe,  t.  ii, 
pp.  427 — 467  and  483).  The  phenomenon  seems  to  be  quite  analogous 
to  the  Chimsera  in  Lycia,  which  has  now  been  burning  fbr  several 
thousands  of  years  (see  above,  p.  256 — 7,  and  note  51) ;  it  is  not  a 
volcano,  but  a  fire-spring,  difi^using  to  a  greajb  distance,  ait  agreeable 
odour  (probably  from  containing  paphth^.?).  The  Kuen-liin  whiqh, 
like  me  in  the  Aaie  Centrale  (t.  i,  p.,  127  and  t.  ii,  p.  431),  Dr.  Thomas 
Thomson,  the  learned  botanist  of  Western  Tibet  {Flora  Inplica,  1855, 
p.  253),  describes  as  a  continuatit>n  of  the  Hinda-Kho,  which  is 
joined  from,  the  south-east  by  the  Himalajjra  chain,  approaches  this 
chain  at  its  western  extremity  to  such  a  degree  th^t.  my  ezceU^it 
friend,  Adplph  Schlagintwtit,  d^siguade^  "th^  Kuen-liin  an4  the 
Himalaya  on  the  west  side  of  the  Indus,  not  as  separate  chains,  but 
as  one  mass  of  mountain&"  (Report  No.  iz  of  the  Magnate  Swrvey  in 
India  hy  Ad.  Schlagintweit,  1856,  p.  61).  In  the  whole  extent  towards 
the  east,  however^  as  fturia^  1^2**  20^  east  Ipngitude,  in  the  dipection  of 
\^9  st^ry  lake,  the  KueneJiin  foro^s,  as  wasr  aj^oinrn  so  eafjly  a^  the  7th 
century  of  our  era  by  minute  descriptions,  giv^i^  undjier  t^e  D}ri\Mtj  of 
Sai  (Klaproth,  Tableaux  ffistorlques  de  VAsie,  p.  204),  an  indiependent 
chain  running  east  and  west  parallel  to  the  Himalaya  at  a  distance  of 
about  7^  degrees  of  latitude.  The  brotheis  Hermann^  and'  Robert 
Schlagintweit  are  the  first  who-  have  had  the  courage  and  the  good 
fortune  to  traverae  the  obain  of  the  Kuen-liin,  setting'  out  fimn  Ladaik 
and  reaching  the  territory  of  Khotan  in  the  montiie  of  July  and  Sep- 
tember, 1856.    According  to   their   observations,,  wbi^  are  always 


TBUE  TOLGA3iOES.  43$. 

the  volcano  of  JofoHo.  We  are  indebtled  for  these  iremai^k* 
able  geognostic  accounts  &om^  the  Maatsohuxei  to.  the  itir 
dustry^  of  W.  F.  Wassiljew  {Gbo^.  JSotey.lSd^,  Heft,  v,  si  31) 
and  to  an  essay  by  M.  Semenow  (the  leanned  translator  6i 
Carl  Fitter's  great  wovls.  on  Geology)  in  the  17th  vol.  of  the 
J^oeediHgs  of  the  Im^rial  Smssaan  Geographical  Society. 

In  the  course  of  the  investigations  into  the  geographical 
di»trihation  of  yokanoe%  and  theic  firequent  occurrence  oa 
islands  and  sea-coasts,  that  is  to  sa^,  on  the  mafginsof  con-i 
tilaental  elevations^  the  probable  great  inequality  in^  th^ 
depth  to  which  the  crust  of  the  eaith  has  hitherto  been> 
penetrated  has  also  been  frequently  brought  under  oon-. 
sideration.  One  is  disposed  to  believe  that  the  surface  of 
the  internal  molten  mass  of  the  earth's  body  lies,  nearest  to: 
those  ]!)oints  at  which  the  volcanoes  have  burst  forth.  But^ 
as  it  may  be  conceived'  that  there  are  nmny  intermediate^ 
degrees  of  consistency  in  the  solidifying  mass^  it  is  difiLcolt. 
to  form  a  clear  idea  of  any  such  suiface  of  the  molten 
matter;-  if  a  change  in  the^  comprehensive  capacity  of  the 
external  firm  and  already  solidified  shelly  be  supposed  to 
be  the  chief  cause  of  all  the  subversions,  fissures^  upheavals 
and  basin-like  depressions^  If  we  might  be  allowed  to 
determine  what  is  called  the  thickness  of  the  earth's  crust' 
in  an  arithmetical  ratio  deduced  fi?om  experiments  drawn 
l^m  Artesian  wells,  and  from  the  fusion-point  of  granite, 
that  is  to  say,  by  taking  equal  geothermal  degrees  of 
depth,**  we  should  find  it  to  be  20  j?^  geographical  miles 
or  -s^l^th  of  the  Polar  diameter.^     But  the  influences  of 

eictremialy  carelul,  the  highost  water-shedding  mouQtain-chain  ia  that 
on  which  is  situated  the  Karakorum  pass  (18,304  feet)  which,  stretching 
from  south-east  to  north-west,  lies  parallel  to  the  opposite  southerly 
portion  of  the  Himalaya  (to  the  west  of  Dhawalagiri).  The  rivers 
Tarkland  and  Karakaaoh,  which  £orm  a  part  of  the  greaib  water  flystem) 
of  the  Tarim  and  Lake  Lop,  ris»  oa  tiie  north-eastera  slope  of  the. 
Karakorum  chain.  From  this  PQgion  of  water>Bpring8  the  t]»veller» 
ittTived  by  way  of  Eissilkorum  and  the  hot  springs  (ISO**  F.)  at  the^i 
small  mountain  lake  of  Kiuk-kiul,  on.  the  chain  of  the-  Kuen4un. 
which  stretches  east  and  west  (Report  No.  viii,  Agra,  1857,  p^  6).. 

^  Cosmos,  voL  i,  pp.  2d,  167^;  see  aboye^  pp.  S^^-SS-. 

^f  AngpiAttrmk,  Populaire,  t.  iii)  p.  ^8)  adopts  neariy.  the  same 
thiokneea  of  the  earth's  crust,  namely>  iO,0Q0  metres,  or  about  22 
miles ;  Elie  de  Beaumont  {SytiMnea  de  Mon^agnee,  t.  iii,  p.  1237),  cal*. 
oulates  the  thickness  at  about -J^  more,    The  oldest  calculation  is;that 


440  COSMOS. 

the  pressure  and  of  the  power  of  conducting  heat  exercifled 
by  various  kinds  of  rock,  render.it  likelj  that  the  geo- 
thermal  degrees  of  depth  increase  in  value  in  proportion  as 
the  depth  itself  increases. 

Notwithstanding  the  veiy  limited  number  of  points  at 
which  the  fused  interior  of  our  planet  now  maintains  an 
active  communication  with  the  atmosphere,  it  is  still  not 
unimportant  to  inquire  in  what  manner  and  to  what  extent 
the  volcanic  exhalations  of  gas  operate  on  the  chemical 
composition  of  the  atmosphere,  and  through  it,  on  the  or- 
ganic life  developed  on  the  earth's  surfisu^e.  We  must,  in  the 
first  place,  bear  in  mind  that  it  is  not  so  much  the  summit- 
craters  themselves  as  the  small  cones  of  ejection  and  the 
fumaroles,  which  occupy  large  spaces  and  surround  so  many 
volcanoes,  that  exhale  gases, — and  that  even  whole  tracts  of 
country  in  Iceland,  in  the  Caucasus,  in  the  high  land  of 
Armenia,  on  Java*  the  Gralapagos,  the  Sandwich  Islands  and 
New  Zealand,  exhibit  a  constant  state  of  activity  through 
solfataras,  naphtha-springs,  and  seises.  Volcanic  districts, 
which  are  now  reckoned  among  those  which  are  oxtinct,  are 
likewise  to  be  regarded  as  sources  of  gas,  and  the  silent 
working  of  the  subterranean  forces,  whether  destructive 
or  formative,  within  them  is,  with  regard  to  quantity,  pro- 
bably more  productive  than  the  great,  noisy,  and  more  rare 
eruptions  of  volcanoes,  although  their  lava-£ields  continue  to 
smoke  either  visibly  or  invisibly  for  years  at  a  time.  If  it 
be  said  that  the  effects  of  these  small  chemical  processes 
can  be  but  little  regarded,  for  that  the  immense  volume  of 
the  atmosphere,  constantly  kept  in  motion  by  currents  of 
air,  could  only  be  affected  in  its  primitive  mixture  to  a  very 
small  extent  through  means  of  such  apparently  unimportant 
additions,"  it  will  be  necessary  to  bear  in  mind  the  powerful 

of  Cordier,  in  mean  value  56  geographical  miles,  an  amount  which^ 
according  to  Hopkins's  mathematical  theory  of  stability,  would  have 
to  be  multiplied  fourteen  times,  and  would  give  between  688  and 
860  geographical  miles.  I  quite  concur  on  geological  grounds  in  the 
doubts  raised  by  Naumann  in  his  admirable  Lehrbueh  der  Geognone 
(vol.  i,  p.  62—64,  78 — 76  and  289),  against  this  enormous  distance  of 
the  fluid  interior  from  the  craters  of  the  active  volcanoes. 

^^  A  remarkable  example  of  the  way  in  which  perceptible  changes 
of  mixture  are  produced  in  nature  by  very  minute,  but  continuous, 
accumulation  is  afforded  by  the  presence  of  silver  in  sea-water, 
which   was  discovered  by  MalaguU    and  confirmed  lyy  Field.    Koi- 
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influence  exerted^  according  to  the  admirable  investigationsr 
of  Perciyal,  Sanssure,  Boussingault  and  Liebig,  by  three  oi 
four  ten-thousandth  parts  of  carbonic  acid  in  our  atmo- 
sphere on  the  existence  of  the  vegetable  oi^ganism.  From 
Bunsen*s  excellent  work  on  the  different  kinds  of  volcanic 
gas,  it  appears  that  among  the  fumaroles  of  different  stages 
of  activity  and  local  diversity,  some  (as  for  example  at  Hecla) 
yield  from  0.81  to  0.83  of  nitrogen,  and  in  the  lava-streams 
of  the  mountain  0.78,  with  mere  traces  (0.01  to  0.02)  of 
carbonic  acid,  while  others  in  Iceland,  as  for  instance  near 
Krisuvik,  on  the  contrary,  yield  from  0.86  to  0.87  of  car- 
bonic acid,  with  scarcely  O.Ql  of  nitrogen.*  We  find  like- 
wise in  the  important  work  on  the  emanations  of  gas  in 
Southern  Italy  and  Sicily  by  Charles  Sainte-Claire  Deville 
and  Bomemann,  that  there  is  an  immense  proportion  of 
nitrogen  gas  (0.98)  in  the  exhalations  of  a  fissure  situated 
low  down  in  the  crater  of  Vulcano,  while  the  sulphuric 
acid  vapours  show  a  mixture  of  74.7  nitrogen  gas  and  18.5 
oxygen,  a  proportion  which  approaches  pretty  nearly  to  the 
composition  of  the  atmospheric  air.  On  the  other  hand  the 
gas  which  rises  from  the  spring  of  Acqua  Santa**  in  Catania 
is  pure  nitrogen  gas,  as  was  also  the  gas  of  the  Yolcanciko» 
de  Turbaco  at  the  time  of  my  American  journey.** 

Are  we  to  conclude  that  the  great  quantity  of  nitrogen 
dispersed  through  the  medium  of  volcanic  action  consists  of 
that  alone  which  is  imparted  to  the  volcanoes  by  meteoric 
water  ? — or  are  there  internal  and  deeply-seated  sources  of 
nitrogen  P  It  must  also  be  borne  in  mind  that  the  air.  dis- 
solved in  rain-water  does  not  contain,  like  the  atmosphere, 
0.79  of  nitrogen,  but  according  to  my  own  experiments,  only 

withstanding  the  immense  extent  of  the  ocean  and  the  trifling 
amount  of  surface  presented  to  it  by  the  ships  which  traverse  it, 
yet  the  trace  of  silver  in  the  sea-water  has  m  recent  times  become 
observable  on  the  copper^sheeting  of  ships, 

"  Bunsen,  Ueher  die  i^iemiaehen  Prozeste  der  vuOMmischen  OesteinS' 
hildwnffen  in  Poggend.  Annalenf  Bd.  Ixzxiii,  8<  242  and  246. 

"  Chmptea  r^Sius  de  VAcad.  dee  Sckneet,  t.  xliii,  1856,  pp.  866 
and  689.  The  first  correct  analysis  of  the  gas  which  rushes  with  noise 
from  the  great  solfatara  of  Pozzuoli,  and  which  was  collected  with 
great  difficulty  by  M.  Ch.  Si-Claire  Deville,  gave  the  followiqg  results : 
—sulphurous  acid  {acide  etUfureux)  24.5, — oxygen  14.6, — and  nitrogen 
61.4. 

**  See  above,  pp.  211-    218.   - 
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0.69.  Nitrogen  is  a  source  ci  increased^  fertiJity^^  by  the 
formation  of  ammonia,  through  the  medium  of  the  ahnos^ 
daily  electrioal  explosions  in  tropical  countries.  The  influ- 
ence of  nitrogen  on  vegetation  is  similar  to  that  of  the  sab- 
stratum  of  atmospheric  carbonic  acid. 

In  analysing  the  diflerent  gases  of  the  volcanoes  wltich 
Ije  nearest  to  the  equator  (Tolrnia,  Purao6,  Paste,  Tuqnere& 
and  Cumbal)  Boussingault  has  discovered,  abng  with  a  great 
deal  of  aqueous  vapour,  carbonic  acid  and  sulphuretted 
hydrogen  gas,  but  no  mnriatic  add,  no  nitrogen  and  no  free 
hydrogen.^  The  influence  still  exercised  by  the  interior  of 
our  planet  on  the  chemical  composition  of  the  atmosphere 
inv  withdrawing  this  matter  in  order  to.  giye  it  out.  again 
under<  other  forms,  is  certainly  but  an  insigniflcant  part  of 
the  chemical  revolutions  which  the  atmosphere  mnst  have 
undergone  in  remote  ages  on  the  eruption  of  great,  masses  of 
rock  from  op^i  Assures.  The  conjecture  as  to  the  probability 
of  ai  very  h^ge  {portion  of^  carbonic  acid  gas  in  the  ancient 

»  Boussingault,  Eamomie  ruraU  (1851),  t.  ii,  p.  724— 7.26,;— "  The 
permaneucy  of  storms  in  tha  interior  of  the  atmosphere  (within  the 
tropics)  is  aa  interesting  fact,,  being  connected  with  one  of  the  most 
important  questions  in  the  physibal  history  of  the  globe,  namely,  that 
of  the  fixation  of  the>  nitrogen  of  the  air  in  oiganised  beings.  When^ 
ever  a  seriestof  electric  sparks  passes  through  the  hiimid  atmosphere, 
the  production  and  combination  of  nitric  acid  and  ammonia,  take  places.. 
The  nitrate  of  ammonia  uniformly,  accompanies  the  rain  daring  a^  storm, 
and  being  by  nature  fixed,  it  cannot  maintain  itself  in  the  state  of 
vapour;  carbonate  of  ammonia  i»  found  in  the  air,  and  the  ammonia 
of  the  nitrate  is  carried  to  the  earth  by.  the  rain*  Thup  it  appears,  in 
fact,  to  be  an  electric  action  which  disposQs.  the  nitrogen  of  the  atmo- 
sphere to  become  assimilated  by  organised  being&  In  the  equinoxial 
zone,  throughout  the  whole  year,  every  day,  and  probably  even  every 
moment,  there  is  a  continual  succession  of  electrio  discharges  going  on. 
An  observer,  stationed  at  the  equator,  if  he  were  endowed  with  oi^gans 
sufficiontlyj  sensitive,  would  hear  ?¥ithout  intermission  the  noise  of  thun- 
der/'  Sal  ammoniac,  however,  together  with  common  salt,  are  ^m 
time^to  time  found'  as  products  of 'sublimation,  oven  ip^  lava:8tremiis, — 
on  Hecla,  Vesuvius^  and  Etna,  in  the  yplcanio  chiaii>of  Guaitema^a  (the 
volcano  of.  Izalco)^  and  above  all  in.  Asia  in  the<  volcanic  chain  of  the 
Thian-shao.  The  inhabitants  of  tibecountry  between  Kutsoh,  ^urfao,. 
and  Hami  pay  their  tribute  to  the  Emperor  of  ChiQa:  in^  oeptain  years 
in  sal  ammoniac  (in  Chinese  tMO-aha,  in  Persian  fmshad»n)i  which,  is  an 
important  article  of  internal  trade.  (Adie  CetUraUiX  ii>  pp*  83^^  S3j  45, 
and  428.) 

*•  Viajei  de  BauannffauU  (1U9)  p.  7S. 
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alrifovm  envelope  is-  strongthened  bj  a  compaFis<Hi  of  the 
thickness  of  the  present  seams  of  coals  with  that  of  the 
thin  coal-stvata  (seven  lines  in  thickness)  which,  according 
to  Ohevanifiep's  cafeulations,  onr  thickest  woods  in  the 
temperate  zone  would  yield  to  the  soil'  hi  the  course  of 
100  years* 

In  the  infancy  of  geognosy,  previous  to  I>olomieu'§  i&genioas 
oonjeQtnres,.  the  source  of  volcanic  action  was  not  placed 
helow  the  most  ancient  rock-formatiOns,  which  were  then 
generally  supposed  to  be  granite  and  gneiss.  Resting  on 
some  feeble  analogies  of  in&mmabili^>  it  was  long  believed 
that  the  source  of  volcanic  eruptions,  and  the  emanations  of 
gas  to  which  they  for  many  centuries  give  rise,  was  to  be 
sought  for  in  the  later,  upper-silurian  floetz-stnita,  containing 
oombusliblo  matter.  A  more  general  acquaintance  with 
the  earth's  sur£su;e,  profoimder  and  more  strictly  conducted 
geological  investigaticms,  together  with  the  beneficial  influence 
which  the  great  advances  made  by  modem  ohemistiy  have 
exercised  on  the  study  of  geology,  have  taught  ufr  that  the 
three  great  groups  of  volcanic  or  eruptive  rock  (trachyte, 
phonoHte,  and  basalt),  when  viewed  as  large  masses,  appear 
when  compared  together  to  be  of  different  ages,  and  for  the 
most  part  widely  separated  from  each  other*.  All  three,  how- 
ever, have  come  later  to  the  surface  than  the  Plutonic  gra- 
nite, the  diorite,  and  the  quartz-porphyry, — later  than  all  the 
Silurian,  secondary^  tertiary,  and  quartwy  (pleistocene)  for^ 
mations, — and  that  they  frequently  traverse  the  loose  strata 
of  the  diluvial  formations  and  bone-brecdas.  A  striking 
variety"^  of  these  intersections,  compressed  into  a  small  space, 
is  exhibited,  as  we  learn  from  Kozet'9  obseirirajbions,  in.Au- 
vergne..  While  the  great  tdrachytic  mountainripasses  of  the 
Cantal,  Mont-Dore,  and  Pay  deD6me,  'penetrate  the  graxiite 

^  Gotmot,  Ycli  i,  pp.  283—5. 

^'  Rozet,  MiffMiresur  les  Volccms  cFAw/ergns,  in  the  Mffmoi^et  dt  la 
Soe,  CHol.  d»  Fi-cmoe)  2me'S4rie,  t.  i,  1^44,  pp.  94  and'  120—180 :— "  The 
baaftltfl  (like  th«  trachytes)'  have  penetrated  through  the.  gneise,  the 
granite,  the  coal  formatioDs^  the  tertiary  formations,  and  ttae^  oldest 
Oiluyian  bedft  The  basalts  are  eren  frequently  seen  oi^nlying  masses 
of'  basaltic  boulders;  they  have  issued  from  ba  infinite  number  of 

Senings,  several-  of  which  are  siili  perfectly- recognisable^.    Many  of 
em  exhibit- cones  of  scoriee  more  or  leas  considerable,  but  nowhere  do 
we  find  craters  similar  to  those  which  have  given  out  streams' of  lava." 
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itself  and  at  the  same  time  enclose  in  some  parts  (for  ex- 
ample,  between  Yic  and  Auiillac,  and  at  the  Giou  de  Mamon) 
large  fragments  of  gneiss^  and  limestone,  we  find  also  the 
trachyte  and  basalt  intersecting  as  dykes  the  gneiss,  and  the 
coal-beds  of  the  tertiary  and  dilu^oal  strata.  Basalt  and 
phonolite,  closely  allied  to  each  other,  as  the  Auvergne  and  the 
central  mountains  of  Bohemia  proTe,  are  both  of  more  recent 
formation  than  the  trachytes,  which  are  frequently  tra- 
versed in  layers  by  basalts.^  The  phonolites  are,  on  the 
other  handy  more  ancient  than  the  bflusalts ;  where  they  pro- 
bably never  form  dykes,  but  on  the  contrary  dykes  of  basalt 
frequently  intersect  the  porphyritic-schist  (phonolite).  In 
the  chain  of  the  Andes  belonging  to  Quito,  I  have  found  the 
basalt-formation  a  great  distance  apart  from  the  prevailing 
trachytes ;  almost  solely  at  the  Rio  Pisque  and  in  the  valley 
of  Guaillabamba.*^ 

As  in  the  volcanic  elevated  plain  of  Quito  everything  is 
covered  with  trachytes^  trachytic-conglomerates,  and  tufsis,  it 
was  my  most  earnest  endeavour  to  discover,  if  possible,  some 
point  at  which  it  might  be  clearly  seen  on  which  of  the  older 
rocks  the  mighty  cone  and  bell-shaped  mountains  are  placed, 
or,  to  speak  more  precisely,  through  which  of  them  they 
had  broken  forth.  Such  a  point  I  was  so  fortunate  as  to 
discover  in  the  month  of  June  1802,  on  my  way  from  Rio- 
bamba  Nuevo  (9483  feet  above  the  surfiace  of  the  South 
Pacific)  when  I  attempted  to  ascend  the  Tunguragua  on  the 

^  Resembling  the  granitic  fragments  imbedded  in  the  trachyte  of 
JoruUo.    See  above,  p.  321. 

^  Also  in  the  Eifel,  according  to  the  important  testimony  of  the 
mine-director,  Von  Dechen.    See  above,  p.  237. 

^  See  above,  p.  333.  The  Rio  de  Guailhibamba  flows  into  the 
Bio  de  las  Esmeraldas.  The  village  of  Quaillabamba,  near  which  I 
found  the  isolated  oliviniferous  basalt,  is  only  6430  feet  above  the  level 
of  the  sea.  An  intolerable  heat  prevails  in  the  valley,  which  is  still 
more  intense  in  the  Valle  de  Chota,  between  Tusa  and  the  YiUa  de 
Ibarra,  the  sole  of  which  sinks  to  5288  feet,  and  which  is  rather  a  chasm 
than  a  valley,  being  scarcely  9600  feet  wide  and  4800  feet  deep  (Hum- 
boldt, Rec.  i ObtervatioiM  Attronomiquet,  voL  i,  p.  307).  The  rubbish- 
ejecting  Yolcan  de  Ansango,  on  the  descent  of  the  Antisana,  does  not 
belong  to  the  basalt-formation  at  all ;  it  is  an  oligodase-trachyte  resem- 
bling basalt  (compare,  for  the  distances,  Antagonisme  des  BcuaUea  et  det 
TradiytUj  my  Eatai  Qiognoitique  twr  U  giaement  da  Roches,  1823,  pp. 
3^8  and  359,  and  generally,  pp.  327—336). 
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side  of  the  Ouchilla  de  Guandisava.     I  proceeded  from  the 
delightful  village  of  Penipe  over  the  swinging  rope-bridge 
(puente  de  maroma)  of  the  Bio  Puela  to  the  isolated  Ha- 
cienda de  Goansoe  (7929  feet),  where  to  the  south-east,  op* 
posite  the  point  at  which  the  Rio  Blanco  fidls  into  the  Bio 
Chambo,  rises  a  splendid  colonnade  of  black  trachyte  resem- 
bling pitch-stone.     It  looks  at  a  distance  like  the  basalt- 
quarry  at  TJnkeL    At  Chimborazo,  a  little  higher  than  the 
basin  of  Yana-Cocha,  I  saw  a  similar  group  of  trachytic 
columns  of  greater  height  but  leas  regularity.  The  columns  to 
the  south-east  of  Penipe  are  mostly  pentagonal,  only  14  inches 
in  diameter,  and  frequently  bent  and  diverging.    At  the  foot 
of  this  hhuck  trachyte  of  Penipe,  not  £eu*  from  the  mouth  of 
the  Rio  Blanco,  a  very  unexpected  phenomenon  presents 
itself  in  this  part  of  the  Oorrlilleras ; — ^greenish-white  mica- 
slate  with  garnets  interspersed  in  it,  and  farther  on,  beyond 
the  shallow  stream  of  Bascaguan,  at  the  hacienda  of  Guansce, 
near  the  shore  of  the  Rio  Puela,  and  probably  dipping  be  • 
low  the  mica-slate  granite  of  a  middling-sized  grain,  with 
light  reddish  felspar,  a  small  quantity  of  blackish  green  mica 
and  a  great  deal  of  greyish  white  quartz.     There  is  no  horu- 
blend,  nor  is  there  any  syenite.     Thus  it  appears  that  the 
trachytes  of  the  volcano  of  Tungurahua,  resembling  those 
of  Ohimborazo  in  their  mineralogical  condition,  that  is  to 
say,  consisting  of   a   mixture    of   oligoclase    and    augite, 
have    here   penetrated  granite    and   mica-slate.       Farther 
towards  the  south,  and  a  little  to  the  east  of  the  road 
leading  from  Biobamba  Nuevo  to  Guamote  and  Ticsan,  in 
that  part  of  the  Cordilleras  which  recedes  from  the  sea-shore, 
the  rocks  formerly  called  primitive,  mica-slate  and  gneiss, 
make  their  appearance  everywhere,  towards  the  foot  of  the 
colossal  altar  de  los  CoUanes,  the  GuviUan,  and  the  Paramo 
del  Hatillo.    Previous  to  the  arrival  of  the  Spaniards;  and 
even  before  the  dominion  of  the  Incas  extended  so  far  to  the 
north,  the  natives  are  said  to  have  worked  metalliferous 
beds  in  the  neighbourhood  of  the  volcanoes.     A  little  to  the 
south  of  San  Luis  numerous  dykes  of  quartz  are  observed 
running  through  a  greenish  clay-slate.     At  Guamote,  at  the 
entrance  to  the  grassy-plain  of  Tiocaxa,  we  found  large  masses 
of  rock  consisting  of  quartzites  very  poor  in  mica,  of  a  dis- 
tinct linear  parallel  structure,  running  regularly  at  an  angle 
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of  70  degreeB  to  the  north.  Fartker  to  the  aoath  «t  Tfcnn^ 
not  &T  from  Alann,  the  Cerro  Oacdlo  de  Siicsan  A<ymk 
,  large  masses  of  svipliiir  imbediied  m  a  layer  of  ?}uart«y 
subordif&ate  to  the  kieighboaring  mican^ate.  So  gr^at  >a  <lii^- 
sion  of 'quartz  in  the  neighbourhood  of  ttmcliytic  Totoatuies 
appears'at  first  sight  somewhat  atrange.  The  obserratsiolu 
whieh  I  made,  however,  of  the  overlying,  or  ^ther  of  ihd 
breaking  forth  of  trachyte  from  mica»-sla1ie  a&d  granite  €Ct  the 
foot  of  ^e  Tungarahua  (a  phenomenon  wiii;^  is  as  ^rare  in 
the  Cordilleras  as  in  Auvergne)  have  been  confirmed,  after  a& 
interval  of  47  years,  by  the  tidmirable  investigations  of  the 
French  geologist  Sebastian  Wisse  at  the  Sangay. 

That;  colossi  volcano,  1343  feet  higher  than  Mont-Bhc^ 
entirely  destitute  of  lava-streams  (which  Charles  Deville  ^de- 
cLai*es  are  also  wanting  in  the  equally  active  Strotiaboli)  biit 
ejecting  uninterruptedly,  at  least  since  the  year  1728,  a  bla^, 
and  frequently  brightly  glowing  rock,  forms  a  trachytio^ 
island  of  scarcely  8  geographical  miles  in  diameteT'^  in  thd 
midst  of  beds  of  grainite  iand  ^gneisa  A  totally  oppcriiii^ 
condition  of  stratific&tionis  exhibited  in  the  volcanic -^kaiot 

^  S^bastien  Wis^e,  Etpldi^tion  du  Yolean  de  Sangay,  in  tlie  Oompfea 
rendits  de  VAmd.  des  Sd&iuies,  t.  xxxvi,  1853,  p.  721 ;  coiHrp.  also  ^bovto^ 
p.  251. 

AccdrdingtoBolissiiigault,  the  Qjeeted  ffagdtients  of  trachyte  bttnigiit 
home  by  Wisse  and  collected  on  the  upper  descent  of  the  cone  (the 
traveller  reached  an  elevation  of  960  feet  below  the  sumniit,  which  is 
itself  485  feet  in  diameter),  consist  at  a  black,  pitch-like  fundamental 
mass,  in  which  are  imbedded  crysftals  of  glassy  (f)  felspar.  It  is  n  very 
remaricable  phenomenon,  and  one  whieh  up  to  the  present  tim«  seems 
to  stand  alone  in  the  history  of  volcanic  ejections  tI]Qbt,'alt>ng  with  theee 
large  black  pieces  of  trachyte,  small  sharp-edged  fragments  ot  pure 
quartz  are  thrown  out.  Afccording  to  a  letter  from  my  friend  Boussin- 
gault,  dated  January  1851,  these  fragments  are  no  longer  than  4  cubic 
centim^res  in  'hvJk,  -No  qjuaHz  is  fotmd  dist^emi^ated  ia  the  traofayti<; 
massitftelf.  All  the  volcaiilic  trachytes  which  I  harre  'examined  in  the 
eorcUUeFas  of  South  America  and  Mexico,  and  even  the  trachytio  por- 
phyries in  which  the  rich  silver  veins  ot  Keal  ^el  Monte,  Moran  and 
Regla  a^  cotitaihed,  'to  the  hoH^h  of  llhe  elevated  vietlley  of  Mesdco,  are 
entitely  destitute  of  quartz.  Kotwithi^nding  irhis  i9eeming  antl^hism, 
ho^evei*,  of  quartaE  and  trachyte  in  flri^-aotive  volcaaoee,  I  am  bjr  no 
means  inclined  to  dex^  the  volcanib^oiil^  of  the  *'  tr€iek^e8-«tp(»y)kff- 
re»  nu/vHUru  (mill-stone  trachytes)"  <to  which  Beudaut  first  drew  atten- 
tion, lie  mode,  howevdr,  in  which  these  toe  fortited,  being  erupted 
from  ^ssuren,  is'etitirely  different irdm  1^e  lormatioti  of  tiie  coxutial  a&d 
dome-like  tracl^te  struetures. 
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of  Eifelf  «&  I  ihave  slready  obserred^  both  from  the  -activity 
which  once  manifested  itself  in  the  Maars  (or  mine-fonnek) 
sunk  in  the  DevoniaiiL-schist,  and  that  shown  in  the  raised 
stntotores  from  which  lava-streams  flow,  as  on  the  long  ridge 
of  the  Mosenberg  and  Gerolstein.  The  sur£Eu;e  does  not  here 
indicate  what  is  hidden  in  the  interior.  The  absence  &£  tra- 
chyte in  volcanoes  which  were  so  active  thousands  of  years 
ago,  is  a  still  more  striking  phenomenon.  The  augitiferous 
sconae  of  the  Mosenberg,  which  partly  accompany  the  basaltic 
lava-stream,  contain  small  burnt  pieces  of  schist,  but  no 
fragments  of  trachyte,  and  in  the  neighbourhood  the  tra- 
chytes are  absent.  This  species  of  rock  is  only  to  be  seen 
in  the  Eifel  in  a  state  of  entire  isolation^  far  from  the  Maars 
and  lava-yielding  volcanoes,  as  in  the  SeUberg  at  Quiddel* 
bach,  and  in  the  mountain-chain  of  Reimetath.  The  different 
nature  of  the  formations  through  ^orhich  the  Volcanoes  force 
their  -^ay  so  as  to  operate  with  power  on  the  outer  crust  of 
the  earth  is  geologically  as  important  aa  the  material  which 
they  throw  out. 

The  conditions  of  configuration  in  those  rocky  structures 
through  which  volcanic  action  manifests  itself,  or  has  en- 
deavomred  to  do  so,  have  at  length  been  in  modem  times  far 
more  completely  investigated  and  described  in  their  often 
very  complicated  variations  in  the  most  distant  quarters  of 
the  globe  than  in  the  previous  century,  when  the  entire 
morphology  of  volcanoes  was  limited  to  conical  and  bell- 
Rhaped  motintains.  There  are  mai\y  volcanoes  whose  confi- 
guration, altitude  and  range  (what  the  talented  Carl  !Ftie^ 
drich  Kaumann  calls  the  geotedtoiiics),**  we  not^  knoMrin 
the  most  satisfactory  maimer,  while  we  continue  in  the 
greatest  ignorance  regarding  the  com,position  of  their  diffe- 
rent rocks  and  the  association  of  the  mineral  species  which 
characterise  their  tradiytes,  and  wldoh  are   recognisable 

^  See  alxrra,  pp.  282-^ 

^  TkeftiUesfcinfonnaticm  we  poseeas on  any  Toloanie  district,  founded 
on  actual  measuremeots  of  altitudes,  angles  of  inolination,  and  profile 
views,  is  contained  in  the  beautiful  work  of  the  Astronomer  of  'Ohuuia, 
'Julius  Schmidt^  on  Vesuvius,  the  8ol&tai<a,  Moate  Nuoro,  the  ABtrom, 
-Bocoa  Monfina  and  the  old  Tolcaaoes  of  tlm  Papal  tetrifcoiy  .{in  like  Al- 
ibanian  MountaiBS,  Lago  Bi«o6iano,  ^aod  Lago  di  Bolsena).  See  his-hvp- 
flometrical  ^ork,  Die  'ifVtiptHW  te  V'Wvm  im  ifot,  1355,  with  .Atias, 
)>lateB  ill,  iv,  ix. 
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apart  from  the  principal  mass.  Both  kinds  of  knowledge, 
however, — ^the  morphology  of  the  rocky  piles  and  the  oryc- 
tognosy  of  their  composition, — are  equally  necessary  to  the 
perfect  understanding  of  volcanic  action ;  nay,  the  latter, 
founded  on  crystallisation  and  chemical  analysis,  on  account 
of  the  connection  with  plutonic  rocks  (porphyritic  quartz, 
greenstone  and  serpentine)  is  of  even  greater  geognostic  im- 
portance. The  little  we  believe  we  know  of  what  is  called 
the  volcanicity  of  the  Moon  depends  too,  from  the  very  na- 
ture of  the  knowledge,  on  configuration  alone*'. 

^  The  progressive  perfection  of  our  acquaintance  with  the  formation 
of  the  surface  of  the  Moon  as  derived  from  numerous  observers,  froni 
Tobias  Mayer  down  to  Lohrmann,  Madler  and  Julius  Schmidt,  has 
tended  on  the  whole  rather  to  diminish  than  to  strengthen  our  belief 
in  great  analogies  between  the  volcanic  structures  of  the  earth  and 
those  of  the  moon ;  not  so  much  on  account  of  the  conditions  of  di- 
mension and  the  early  recognised  ranging  of  so  many  ring-ehaped 
mountains,  afl  on  account  of  the  nature  of  the  rills  and  of  the  system  of 
rays  which  cast  no  shadows  (radiations  of  light)  of  more  than  400  miles 
in  length  and  from  2  to  16  miles  in  breadth,  as  in  Tycho,  Copernicus; 
Kepler  and  Aristarchus.  It  is  remarkable,  however,  that  Galileo,  in  his 
letter  to  Father  Christoph  Grienberger,  Sulk  morUuosUa  deUa  Xi»na, 
should  have  thought  of  comparing  annular  mountains,  whose  diameter 
he  considered  greater  than  they  actually  are,  to  the  circ\mivallated 
district  of  Bohemia,  and  that  the  ingeuious  Robert  Hooke  in  his 
"  Micrography "  attributes  the  type  of  circular  formation  almost  uni- 
versally prevalent  on  the  moon  to  the  reaction  of  the  interior  of  its 
body  on  the  exterior  (vol.  ii,  p.  701,  and  vol.  iv,  p,  496).  With  respect 
to  the  annular  mountain  ranges  of  the  moon,  I  have  been  of  late  much 
Interested  wiUi  the  relation  between  the  height  of  the  central  mountain 
and  that  of  the  circumvallation  or  margins  of  the  crater,  as  well  as  by 
the  existence  of  parasitic  craters  on  the  drcumvallation  itself.  The 
result  of  all  the  careful  observations  of  Julius  Schmidt,  who  is  occupied 
with  the  continuation  and  completion  of  Lohrmann's  Topography  of 
the  Moon,  establishes  ''that  no  single  central-mountain  attains  the 
height  of  the  wall  of  its  crater,  but  that  in  all  cases  it  probably  even 
lies  together  with  its  summit  considerably  below  that  surface  of  the 
moon  from  which  the  crater  is  erupted.  While  the  cone  of  ashes  in  the 
crater  of  Vesuvius  which  rose  on  the  22nd  of  October  1822,  according 
to  Brioschi's  trigonometrical  measurement,  exceeds  in  height  the  Ponta 
del  Palo,  the  highest  edge  of  the  crater  on  the  north  (618  toises  above 
the  sea),  by  about  30  feet,  and  was  visible  ut  Naples,  many  of  the 
central  mountains  of  the  moon,  measured  by  Madler  and  the  Olmiitz 
Astronomer,  lie  fully  6400  feet  lower  than  the  mean  margin  of  cir- 
cumvallation, nay,  even  100  toises  below  what  may  be  taken  as 
the  mean  surface-level  in  that  part  of  the  moon  to  which  they  respec- 
tively belong  (Madler,  in  Sckvmacker*»  Jdhrhuchf-wr  1841,  pp.  272  and 
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If,  as  I  would  fain  hope,  what  I  here  propound  regarding 
the  chissification  of  the  volcanic  rocks ;  or,  to  speak  more 
precisely,  on  the  arrangement  of  the  trachytes  according  to 
their  composition,  excites  any  particular  interest,  the  merit 
of  this  classification  is  entirely  due  to  my  friend  and  Sibe- 
rian fellow-traveller,  Gustav  Rose.  His  accurate  observa- 
tion of  nature,  and  the  happy  combination  which  he  possesses 

274,  and  JuL  Schmidt;  Der  Mond,  1856,  s.  62).  In  general,  the  central 
mountains,  or  central  mountain-masses  of  the  moon  have  several  simi* 
mits,  as  in  Theophilus,  Petavius  and  Bulliald.  In  Copernicus  there  are 
6  central  mountains,  and  Alphonsus  alone  exhibits  a  true  central  shaVp 
pointed  peak.  This  state  of  things  recalls  to  mind  the  Astroni  in  the 
Phlegrsean  fields,  on  whose  dome-formed  central  masses  Leopold  yon 
Such  justly  lays  much  stress.  "  These  masses,"  he  says,  "  like  those 
in  the  centre  of  the  tmnular  mountains  of  the  moon,  did  not  break  forth. 
There  existed  no  permanent  connection  with  the  interior, — ^no  volcano, 
but  they  rather  appeared  like  models  of  the  great  trachytic  unopened 
domes  so  abundantly  dispersed  over  the  earth's  crust,  such  as  the  Puy 
de  Ddme  and  Chimborazo."  (PoggendorflTs  Annalen,  Bd.  xxxvii,  1836^ 
p.  183.)  The  circumvallation  of  the  Astroni  is  of  an  elliptic  form,  closed 
all  round,  and  rises  in  no  part  higher  than  880  feet  above  the  level  of 
the  sea.  The  tops  of  the  central  summits  lie  more  than  660  feet  lower 
than  the  maximum  of  the  south-western  wall  of  the  crater.  The  sum- 
mits form  two  parallel  ridges,  covered  with  thick  bushes  (Julius  Schmidt; 
Bruption  dea  Vesuvs.  s.  147,  and  Der  Mond,  s.  70  and  103).  One  of 
the  most  remarkable  objects,  however,  on  the  whole  surface  of  the  moon 
is  the  annular  mountain-range  of  Petavius,  in  which  the  whole  internal 
floor  of  the  crater  expands  convexly  in  the  form  of  a  tumour  or  cupola, 
and  is  crowned  besides  with  a  central  mountain.  The  convexity  here 
is  a  permanent  form.  In  our  terrestrial  volcanoes  the  flooring  of  the 
crater  is  only  temporarily  raised  by  the  force  of  internal  vapours  some- 
times almost  to  the  height  of  the  margin  of  the  crater,  but  as  soon  as 
the  vapours  force  their  way  through,  the  floor  sinks  down  again.  The 
largest  diameters  of  craters  ,on  the  earth  are, — the  Caldeira  de  Fogo,  ac- 
cording to  Charles  Deville  4100  toises  (4*32  geographical  miles)  and  the 
Caldeira  de  Palma,  according  to  Leop.  v.  Buch  3100  toises,  while  on 
the  moon,  Theophilus  is  50,000  toises,  and  Tycho  45,000  toises,  or 
respectively,  52  and  45  geogr.  miles  in  diameter.  Parasitic  craters, 
erupted  from  a  marginal  wall  of  the  great  crater,  are  of  very  frequent 
occurrence  on  the  moon.  The  -base  of  these  parasitic  craters  is  usually 
empty^^s  on  the  great  rent  margin  of  the  Maurolycus ;  sometimes,  but 
merer  rarely,  a  smaller  central  mountain,  perhaps  a  cone  of  eruption,  is 
seen  in  them,  as  in  Logomontanus.  In  a  beautiful  sketch  of  the 
crater-system  of  Etna,  which  my  friend  Christian  Peters  the  Astro- 
nomer (now  in  Albany,  North-America)  sent  me  from  Flensburg  in 
August  1854,  the  parasitic  marginal  crater,  called  the  Pozzo  di  Fuoco, 
which  was  formed  in  January  1833,  on  the  east-south-east  side,  and 
which  had  lieveral  violent  eruptions  of  lava,  is  distinctly  recognisable. 
VOL.  Vi  ^  G 
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of  chemical^  dTsiaDo-mineralogical  and  geological  knowledge, 
have  rendered  him  pecnliarly  well  qualified  to  promtdgate  new 
views  on  tliat  set  of  minerals  whose  Taried,  bnt  frequently 
recurring  association  is  the  product  of  volcanic  action.  This 
great  geologist,  partly  at  my  instigation,  has  with  the 
greatest  kindness,  especially  since  the  year  1834,  repeatedly 
examined  the  fragments  which  I  brought  from  iJie  slopes  o£ 
ihe  volcanoes  of  Kew  Qranada,  los  Pastos,  Quito,  and  the 
high  land  of  Mexico,  and  compared  them  with  the  spe- 
cimens from  other  parts  of  the  globe  contamed  in  the  rich, 
minend-oollectian  of  the  Berlin  Cabinet.  Before  my  collec- 
tions were  separated  from  those  of  my  companion  Aim6  Boo*^ 
pland,  Leopodd  von  Buoh  had  examined  them  microscopically 
with  persevering  diligence  (in  Paris,  1610— 1811,  betweea 
his  return  from  Norway  and  his  voyage  to  Teneriffe).  He 
had  also,  at  an  earlier  period,  during  my  residence  with  Gay 
Lussac  at  Rome  (in  the  Summer  of  180d)  as  well  as  after- 
wards in  France,  made  himself  acquainted  with  what  I  had 
noted  down  in  my  travelling  journal  on  the  spot,  in  the 
month  of  July  1802,  respecting  certain  volcanoes,  and  in 
geaenJ  on  the  affinity  between  vaLcanoesand  certain  porphy- 
ries destitute  of  quartz*".    I  preserve  as  a  memorial  whush  I 

**  The  unspecific  and  indefinite  tenn  ''trachyte '*  (Bauhstein)^  which 
IB  now  BO  generally  applied  to  the  rock  in  which  the  yolcanoes  break 
wmt,  waB  fint  given  to  a  rock  of  Auvergne,  in  the  year  1822  by  Haay  in 
the  second  edition  of  his  TraiU  de  Min&ralogie,  vol.  iv,  p.  579.,  with  a. 
mere  notioe  of  the  d^Tation  of  the  word  and  a  short  description  ini 
i^iich  the  older  appellations  of  ffranite  chauffS  en  place  of  Desmarets)^ 
trap-porphyry  and  domite  are  not  even  mentioned.      It  was  only  by 
oral  ooxmnumcafcicMQ,  originating  in  Hauy's  Lectures  in  the  Jardin  des 
PlanteB,  that  the  term  **  trachyte  "  was  propagated  previous  to  1822,  for 
example,  in  Leopold  Ton  Buch's  treatise  on  basaltic  islands  and  oratesa 
of  upheaval,  published  in  1818,  in  Daubuisson's  TratUi  de  Miniralogi^ 
1819,  and  in  Beudant's  important  work.   Voyage  en  ffongrie.    From 
letters  lately  reoeiived  by  me  from  M.  Elie  de  Beaumont,  I  find  that 
tibe  recollections  of  M.  BelafoBse,  formerly  Aide-Naturaliate  to  Hauy^ 
and  now  Member  of  the  Institute,  fix  the  application  of  the  term  ''tia- 
ehyte  "  between  the  years  1818  and  1816.    The  publication  of  the  term 
"domite"  by  Leop.  v.  Bu<^,  seems  according  to  Ewald,  to  have  occurred 
in  the  year  1809 ;  it  is  first  mentioned  in  the  third  letter  to  Karsten 
{OeogTwst.  BeohfuAt,  au/Rgiten  dwrck  DenUsdU.  und  ItcUien,  Bd.  ii,  1809, 
s.  244).  "  The  porphyry  of  the  Puy  de  D4me,"  it  is  there  stated,  "is 
A  peculiar,  and  hitherto  nameless  rock,  consisting  of  crystals  of  fel- 
spar with  a  glassy  lustre,  hornblende  and  small  laminse  of  black  mica^ 
In  the  clefts_pf  this  kind  of  rock,  which  I  provisionally  term  domite. 
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consider  invaluable,  some  sheets  with  remarks  on'the  volcanic 
products  of  the  elevated  plateaux  of  Quito  and  Mexico,  which 
the  great  geologist  communicated  to  me  for  my  information 
more  than  46  years  ago.  TraTellers,  as  1  have  elsewhere*' 
said,  being  merely  the  bearers  of  the  imperfect  knowledge  of 

I  find  beautiful  drusic  cavities,  the  walls  of  which  are  cohered  with 
crystals  of  iron^glance.     Through  the  whole  length  of  the  Puy,  cones 
of  domite  alternate  with  cones  of  cinders."     ^e  second  volume  of 
the  Travels,  containing  the  letters  from  Auvergne,  was  printed  in  1806/ 
but  not  published  tiS  1809,  so  that  the  publication  of  the  name  6i 
domite  properly  belongs  to  the  hitter  year.     It  is  singular  that  four 
years  later,   in  Leopold  von  Buoh'a  treatise  on  the  trap'porphyry, 
domite  is  not  even  mentioned. — In  referring  to  a  drawing  of  the  pro* 
file  of  the  Cordilleras,  contained  in  the  journal  of  my  travels  in  the 
month  of  July  1802,  and  included  between  the  4th  degree  north  and 
4th  degree  south  latitade  undw  the  iiMsription  *' Affinity  entre  le  feu 
V4>]icanique  et  les  porphyres,"  my  only  object  was  to  mention  that  this 
profile,  which  represents  the  three  breakings  through  of  the  volcanic 
groups  of  Fopayan,  Los  Pastes  and  Quito,  as  well  as  the  eruption  of 
fhe  trap-porphyry  in  the  granite  and  mica-slftte  of  the  Paramo  de 
Assuay  (on  the  great  road  from  Cadlud,  at  a  height  of  16,526  feet), 
led  Leopold  von  Buch,  too  kindly  and  too  distinctly,  to  ascribe  to 
me  the  merit  of  having  first  noticed  "  that  all  the  volcanoes  of  the 
chain  of  the  Andes  have  their  foimdation  in  a  porphyry  which  is  a 
peculiar  kind  of  rock  and  belongs  essentially  to  the  volcanic  forma- 
tions" {Ahkcmdlungen  der  Ahhademie  der  Wusmsch.  zu  J9er2m,  aus  den 
Jahren,  1812—1813,  s.  131,  151  and  15a).    I  nmy  indeed  hftvenc^ieed 
the  phenomenon  in  a  general  way,  but  it  had  already,  as  early  as  1789, 
been  remarked  by  Nose,  whose  merits,  have  long  been  too  little  appM- 
dated,  in  his  Orographical  Letters,  that  the  volcanic  rock  of  the  Sie* 
bengebirge  is  "a  peculiarly  Rhenish Idnd  of  porphyry,  closely  allied 
to  basalt  and  porphyritic  schist."     He  says  '*  that  this  formation  is 
especially  characterised  by  glassy  felspar,"  wfaioh  -he  proposes  should 
be  called  sauidine,  and  that  it  belongs,  judging  £rom  the  age  of  ite 
formation,  to  the  middle  floetz-rocks  {Niederrkeinische  BeUe,  Th.  i, 
8.  26,  28  and  47  ;  Th.  ii,  s.  428).    I  do  not  find  any  grounds  for 
Leopold  von  Buch's  conjecture  that  Nose  considered  this  porphyry- 
formation,  which  he  not  very  happily  terms  granite-poiT)hyry,  as 
well  as  the  basalts,  to  be  of  later  date  than  the  most  recent  floetz- 
rocks.     "  The  whole  of  this  rock,"  says  -the  great  geologist,  so  early 
removed  from  among  us,  "  should  be  named  after ^he  glassy  felspars 
(therefore  sanidine-porphyry)  had  it  not  already  received  the  name  of 
trap-porphyry"  (Abh.  der  Berl.  Akad.  aus  den  J.  1812 — 13,  s.  184). 
The  history  of  the  systematic  nomenclature  of  a  science  is  so  far  of 
importance  as  the  succession  of  prevalent  opinions  is  found  reflected 
in  it. 

^  Humboldt,  Kleinere  Sckriftm,  Bd.  i,  Vortede,  ».  iii. — v. 
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their  age,  and  their  observations  being  deficient  in  many  of 
the  leading  ideas,  that  is  to  say,  those  discriminating  marks 
which  are  the  fruits  of  an  advancing  knowledge,  the  mate- 
rials which  have  been  carefully  collected  and  geographically 
arranged,  will  almost  alone  maintain  an  enduring  value. 

To  confine  the  term  trachyte^  as  is  frequently  done  (on 
account  of  its  earliest  application  to  the  rocks  of  Auvergne 
and  of  the  Siebengebirge,  near  Bonn)  to  a  volcanic  rock  con- 
taining felspar,  especially  Werner's  vitreous  felspar,  Nose's 
and  Abich's  sanidme,  is  fruitlessly  to  break  asunder  that  in- 
timate concatenation  of  volcanic  rock  which  leads  to  higher 
geological  views.     Such  a  limitation  might  justify  the  ex- 
pression '^  that  in  Etna,  so  rich  in  labradorite,  no  trachyte 
occurs."     Indeed  my  own  collections  are  said  to  prove  that 
^  no  single  individual  of  the  countless  volcanoes  of  the  Andes 
consists  of   trachyte ;  that  in  fact  the  subtance  of  which 
they  are  composed  is  albite,  and  that  therefore,  as  oligoclase 
was  at  that  time  (1835)  always  erroneously  considered  to  be 
albite,  all  kinds  of  volcanic  rock  should  be  designated  an- 
desite  (consisting  of  albite  with  a  small  quantity  of  horn- 
blende)".* Gustav  Rose  has  taken  the  same  view  that  I  my- 
self adopted,  from  the  impressions  which  I  brought  back 
with  me  from  my  journeys,  on  the  common  nature  of  all  vol- 
canoes, notwithstanding  a  mineralogical  variation  in  their  in- 
ternal composition ;  on  the  principle  developed  in  his  admi- 
rable essay  on  the  felspar  groups,  "*  in  his  classification  of 
the  trachytes,  he  generalizes  orthoclase,  sanidine,  the  anor- 
thite  of  Mount  Somma,  albite,  labradorite  and  oligoclase,  as 
forming  the  felspathic  ingredient  of  the   volcanic  rocks. 
Brief  appellations  which  are  supposed  to  contain  definitions 
lead  to  many  obscurities  in  orology  as  well  as  in  chemistry.    I 
was  myself  for  a  long  time  inclined  to  adopt  the  expressions 
orthoclase-trachytes,  or  labrador-trachytes,  or  oligoclase-tra- 

^L^op.  V.  Buch  in  Poggend,  Awnaltnf  Bd.  xzzyii,  1836,  s.  188, 190. 

M  Gu&tav  Rose  in  Qilbert's  AnTialmt  Bd.  Izziii,  1823,  s.  173,  and 
Awiudes  de  Chime  et  de  Phynque,  t.  zziv,  1823,  p.  16.  Oligoclase  was 
first  held  by  Breithaupt  as  a  new  mineral  8t)ecie8  (PoggendorfTs  Armalen, 
Bd.  viii,  1826,  a.  238).  It  afterwards  appeared  that  oligoclase  was  iden- 
tical with  a  mineral  which  Berzelius  had  observed  in  a  granite  dyke 
resting  upon  gneiss  near  Stockholm,  and  which,  on  account  of  the  re- 
semblance in  its  chemical  composition  he  had  called  ''  Natron  Spodu- 
men.*'  (PoggendorfiTs  Annal,  Bd.  iz^  1827«  s.  281). 
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chytes,  thus  comprehending  the  glassy  felspar  (sanidine),  on 
account  of  its  chemical  composition,  under  the  species  ortho- 
clase  (common  felspar).  The  terms  were  at  least  well-sound- 
ing and  simple,  but  their  very  simplicity  must  have  induced 
error,  for  though  labrador-trachyte  points  to  Etna  and  to 
Stromboli,  yet  oligoclase-trachyte,  in  its  important  twofold 
combination  with  augite  and  hornblende,  would  erroneously 
connect  the  widely  disused  and  very  dissimilar  formations 
of  Chimborazo  and  the  volcano  of  Toluca.  It  is  the  asso- 
ciation of  a  felspathic  element  with  one  or  two  others  which 
here  forms  the  characteristic  feature,  as  it  does  in  the  forma- 
tion of  some  mineral-dykes. 

The  following  is  a  view  of  the  divisions  into  which  Gustav 
Rose,  subsequently  to  the  winter  of  1852,  distributes  the 
trachytes,  in  reference  to  the  crystals  enclosed  in  them,  and 
separately  recognisable.  The  chief  results  of  this  work,  in 
which  there  is  no  confounding  of  oligoclase  with  albite,  were 
obtained  tei\  years  earlier ;  when  my  friend  discovered,  in 
the  course  of  his  geognostic  investigations  in  the  Riesenge- 
birge,  that  the  oligoclase  there  formed  an  essential  ingredient 
of  the  granite,  and  his  attention  being  thus  directed  to  the 
importance  of  oligoclase  as  an  ingredient  of  that  rock,  he 
was  induced  to  look  for  it  likewise  in  other  rock*.''"  This 
examination  led  to  the  important  result  (Foggend.  Ann. 
Bd.  Ixvi,  1845,  s.  109)  that  albite  never  forms  a  part  in  the 
mixed  composition  of  any  rock. 

First  division.  "  The  principal  mass  contains  only  crystals 
of  glassy  felspar,  which  are  laminar,  and  in  general  large. 
Hornblende  and  mica  either  do  not  occur  in  it  at  all,  or  in 
extremely  small  quantity,  and  as  an  entirely  unessential  ad- 
mixture.    To  this  division  belongs  the  trachyte  of  the  Fhle- 

'^  See  Giistar  Rose  on  the  granite  of  the  Riesengebirge,  in  Poggen- 
dorfiTs  Ann.  Bd.  Ivi,  1842,  s.  617.  Berzelius  had  found  the  oligoclase, 
his  "  Natron  Spodumen,"  only  in  a  dyke  of  granite ;  in  the  treatise  just 
cited  it  is  for  the  first  time  spoken  of  as  an  ingredient  in  the  composi- 
tion of  granite  (the  mineral  itself).  Gustay  Rose  here  determined  the 
oligoclase  according  to  its  specific  gravity,  the  greater  proportion  of 
lime  contained  in  it  as  compared  with  albite,  and  its  greater  fusibility. 
The  same  compound  with  which  he  had  found  the  specific  gravity  to 
be  2.682  was  analysed  by  Rammelsberg  {ffandworterhtbch  derMvneralog. 
Bupplem.  i,  s.  104,  and  G.  Rose  Ueber  die  zwr  Chramtgrwppe  gehOrenden 
Gebirgsarten,  in  the  Zeittchr.  der  Deutichtn  gecl.  Getellschaft,  Bd.  i,  1849, 
B.  364). 
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gcsean  Fields  (Mostd  Olibaao  near  Pozzuali),.  that  of  I&chia 
and  of  L»  Iol&t>  as  also  a  part  of  the  Mont-Dore  (the  Giaade 
Cascade),  Augite  is  but  veiy  rarely  foimd  in  small  crystals 
in  trachytesof  the  Mont-Dore" — never,. in  the  Phlegraean 
Fields  tog^her  with  hornblende;  nor  is  leucite,.of  which 
last  however,  Hoffinann  collected  some  pieces  on  the  Lago 
Avemo  (on  the  road  to  ComsB),  while  I  found  some  on  the 
slope  of  the  Monte  Nuovo^*  (in  the  autumn  of  1822). 
Leucite-ophyr  in  loose  fragments  is  more  frequent  in  the 
island  of  Procida  and  the  adjoining  Scoglio  di  8.  Martino." 

Second  Division.  ^'The  greund-mass  contains  some  de- 
tached crystals  of  glassy  felspar,  and  a  profusion  of  smaU 
snow-white  crystals  of  oHgoclase.  The  latter  are  frequently 
overspread  with  the  glassy  felspar  in  regular  order,  and 
form  a.  covering  about  the  felspar,  as  is  so  frequently  seen 
in  G,  Hose's  granitite  (the  principal  mass  of  the  Biesen** 
g^birge  and  Xser-gebirge,  consisting  of  granite  with  red 
felspar,  particularly  rich  in  oligoclase  and  magneslan-mica, 
but  without  any  white  potash-mic^).  Hornblende  and  mica^ 
and  in  some  modifications  augite,  occasionally  appear  in 
amaU  quantity.  To  this  division  belong  the  trachytes  of  the 
Drachenfels  and  of  the  Perlenhardt  in  the  Siebengebirge" 
near  Bomi,  and  many  modifications  of  the  Mont-Dore  and 
Cantal ;  some  trachytes  also  of  Asia  Minor  (for  which  we 
are  iadebted  to  that  industrious  traveller  Peter  von  Tsdur 

7^  Rozet,  Sur  les  montagnes  de  TAuvergne,  in  the  MSm.  de  la  Sod^ 
€fSol.  de  Frcmoe,  2me  Sivie,  t.  i,  partie  i,  1844,  p.  69. 

^  Fragments  of  Leucite-ophyr,  coUeoted  by  me  at  the  Mbnte  Nuovo, 
are  described  by  Gustav  Rose  in  Fried.  Hoffmann's  GeognosticJten  Beo- 
hctcktungen,  1839,  s.  219.  On  the  trachyte  of  the  Monte  di  Procida  of 
the  island  of  the  same  name,  and  the  rock  of  San  Martino,  see  Roth, 
Mtmographie  des  Vesuvs.  1857,  s.  619^522,  tab.  viii. — The  trachyte  of 
the  island  of  Ischia  contains  in  the  Arso,  or  stream  of  Cremate  (1301) 
vitreous .  felspar,  brown  mica^  green  augite,  magnetic  iron  and  olivine 
(s.  528),  but  no  leucite. 

73  The  geologico-topographical  conditions  of  the  Siebengebirge  near 
Bonn,  have  been  developed  with  comprehensive  talent  and  great  exact* 
Hess  by  my  friend  H.  von  Dechen,  director  of  mines,  in  the  9th  annual 
volume  of  the  Verhandlimffen  des  Naturhiatoriscken  Vereinea  der  Premt, 
SheMande  wnd  Westphalens,  1852,  s.  289 — 567.  All  the  chemical  ana- 
lyses of  the  trachytes  of  the  Sieb^igebirge  whieh  have  hitherto  ap- 
peared  are  there  collected  (p.  828 — 356) ;  mention  is  also  made  of  the 
trachytes  of  the  Drachenfels  and  Rottchen,  in  which,  besides  the  large 
crystals  of  sanidine,  several  small  crystalline  particles  may  be  distin? 
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chatscbeff),  of  Afiwn  ELarahiasMr  (famous  for  the  culture  of  the 
poppy)  and  Mehammed-kyde  in  Phrygia,  and.of  Kayadacfajk 
ssnd  Donanlar  in  Mysda,  in  wliich  gjaasy  felspar,  with  a  groat 
deal  of  oligockse,.  some  hornblende,  and  brown  mica  are 
mingled" 

'^aished in tlie  fundamental  mass.  "These  portions  hsve  been  found 
by  Dr.  Bothe,  on  chemical  analysis  in  Mitseherlich's  Laboratory,  to 
be  oligodase,  corresponding  exactly  with  the  oligoolase  of  Danviksmll 
.^aar  Stoekholm)  noticed,  by  Berzelius."  (Dechoa,  m  ZiO^ — 346).  The 
,  Wolkenbuig  and  the  Stenzelberg  are  destitute  of  glassy  felspar  (s.  357 
And  363),  and  belong,  not  to  the  second  division,  but  to  the  third ;  they 
contain  a  Toluca-rock.  That  section  of  the  geological  description  of 
the  l^bengebii^ge  which  treats  of  the  relative  age  of  trachyte-conglo- 
merate and  basalt  conglomerate  contains  many  newTiews  (p,  405 — 461). 
^'With  the  more  rare  dykes  of  trachyte  in  the  trachyte-conglomerates, 
which  prove  that  the  formation  of  trachyte  has  still  continued  after  the 
deposit  of  the  conglomerate  (s.  413),  are  associated  a  great  number  of 
hasalt  courses  (s.  416).  The  basalt-fbrmation  extends  decidedly  into  a 
later  basalt  than  the  trachyte-formation,  and  the  principal  mass  of  the 
basalt  is  here  more  recent  than  the  trachyte.  On  the  other  hand  a  portion 
of  this  basalt  only,  and  not  of  aU  basalts  (s.  323)  is  more  recent  than  the 
,great  mass  of  the  brown-coal  rocks.  Both  formations,  the  basalt  and 
iihe  brown-coal  rocks,  run  into  each  other  in  the  Siebengebirge  as  well 
as  in  many  other  places,  and  must  be  considered  in  the  aggregate  as 
•contemporaneous."  Where  very  small  crystals  of  quartz  occur  by 
way  of  rarity  in  the  trachytes  of  the  Siebengebirge,  as  (according 
to  Noggerath  and  Bischof)  in  the  Drachenfels  and  in  the  valley  of 
Bhondorf,  they  fill  up  cavities  and  seem  to  be  of  later  formation  (p.  361 
«nd  370) ;  caused  perhaps  by  efflorescence  of  the  sanidine.  On  Chim- 
borazo  1  have  on  one  solitiury  occasion  seen  similar  deposits  of  quartz, 
.though  very  thin,  on  the  internal  surfaces  of  the  cavities  of  some  rery 
porous,  brick-red  masses  of  trachyte  at  an  elevation  of  about  17,000 
feet  (Humboldt,  Gisement  dei  Roches,  1823,  p.  336).  These  fragments, 
which  are  frequently  mentioned  in  my  journal,  are  not  deposited  in  the 
Berlin  collections.  Efflorescence  of  oligoclase,  or  of  the  vrhole  funda- 
mental mass  of  the  rock  may  also  yield  such  traces  of  disengaged  silicic 
acid.  Some  points  of  the  Siebengebirge  still  merit  renewed  and  perse- 
Tering  investigation.  The  highest  summit,  the  Lowenburg,  represented 
as  basalt,  seems,  from  the  analysis  of  Bischof  and  Kjerulf,  to  be  a  do- 
leritic  rook  (H.  v.  Dechen,  s.  383,  386,  393).  The  rock  of  the  little 
Bosenau,  which  has  sometimes  been  called  Sanido-phyre,  belongs,  ac- 
cording to  G.  B.ose,  to  the  first  division-  of  his  trachytes,  and  is  very 
closely  allied  to  many  of  the  trachytes  o£  the  Ponga  Islands.  The 
trachyte  of  the  Drachenfels  with  large  crystals  of  glassy  felspar  seems, 
■according  to  Abich's  yet  unpublished  investigations,  most  nearly  to 
resemble  the  Dsyndserly-dagh  which  rises  to  a  height  of  8526  feet,  to 
-the  north  of  the  great  Ararat,  from  a  formation  of  nummulites  under- 
<dipped  by  Devonian  strata.. 
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Third  Divisioii.  "  The  gronnd-mass  of  this  dioritic  tra- 
chyte contains  many  small  ciystals  of  oligoclase  with  black 
hornblende  and  brown  magnesian-mica.  To  this  belong 
the  trachytes  of  uSigina,'f  of  the  valley  of  Kozehiik  near 
Schemnitz^',  of  Nagyag  in  Transylvania,  of  Montabaur  in 
the  Duchy  of  Nassau^  of  the  Stenzelberg  and  the  Wolken- 
bnrg  in  the  Siebengebirge  near  Bonn,  of  the  Puy  de  Chau- 
mont,  near  Clermont  in  Auveigne,  and  of  the  Liorant  in 
Cantal;  also  the  Kasb^k  in  the  Oancasus,  the  Mexican  vol- 
canoes of  Tolnca^*  and  Orizaba,  the  volcano  of  Furac6  and  the 
splendid  columns  of  Pisoje^  near  Popayan,  though  whether 
the  latter  are  trachytes  is  very  uncertain.  The  domites 
of  Leopold  von  Buch  belong  likewise  to  this  third  di- 
vision. In  the  white,  fine-grained  fundamental  mass  of 
the  trachytes  of  the  Puy  de  D6me  are  found  glassy  crys- 
tals, which  were  constantly  taken  for  felspar,  but  which  are 
always  streaked  on  the  most  distinct  cleavage  surface,  and 
are  oligoclase ;  hornblende  and  some  mica  are  also  present. 
Judging  from  the  volcanic  specimens  for  which  the  royal 

7*  From  the  close  propinquity  of  Cape  Perdica  of  the  island  of 
iBgina  to  the  long  famous  red-brown  Trozen-trachytes  (Cosmos,  see 
aboye,  p.  229)  of  the  peninsula  of  Methona,  and  from  the  sulphur- 
springs  of  Bromolimni,  it  is  probable  that  the  trachytes  of  Methana,  as 
well  as  those  of  the  island  of  Ealauria,  near  the  small  town  of  Poros^ 
belong  to  the  same  third  division  of  Qustar  Rose  (oligoclase  with 
hornblende  and  mica)  (Curtius,  Peloponnesos,  Bd.  ii,  s.  439,  446, 
tab.  ziy). 

7^  See  the  admirable  geological  map  of  the  district  of  Schemnitz  by 
Bergrath,  Johann  von  Peltko,  1852,  and  the  Abhandlungen  dtr  Je.  h, 
geologUcken  ReichsanstaU,  Bd.  ii,  1855,  Abth.  i,  s.  8. 

?•  Cosmos,  see  above,  pp.  401 — 2. 

77  The  basaltic  columns  of  Pisoje,the  felspathic  part  of  which  has  been 
analysed  by  Francis  (Poggend.  Annal.Bd,  lii,  1841,  s.  471),  near  the 
banks  of  the  Cauca,  in  the  plain  of  Amolanga  (not  far  from  the  Pueblos 
of  Sta.  Barbara  and  Marmato),  consist  of  a  somewhat  modified  oligo- 
clase in  large  beautifal  crystals,  and  small  crystals  of  hornblende. 
Nearly  allied  to  this  mixture  are,  the  quartz,  containing  dioritic-por« 
phyrv  of  Marmato,  brought  home  by  Degenhardt,  the  felspathic  part  of 
whicn  was  named  by  Abich  Andesine, — ^the  rock,  destitute  of  quartz, 
of  Cucurusape,  near  Marmato,  in  Boussingault's  collection  (Charles 
Ste.-Cl.  Deyille,  Etudes  de  lAihologie,  p.  29),  the  rock  which  I  found  12 
geographical  miles  eastward  of.  Chimborazo,  below  the  ruins  of  old 
Riobamba  (Humboldt,  Kleinere  Schriften,  Bd.  i,  s.  161),  and  lastly,  the 
rock  of  the  Esterel  Mountains  in  the  department  of  the  Var  (Elie  dft 
Beaumont,  Explie.  de  la  Carte  Giol.  de  France,  t  i,  p.  473). 


TBUE  VOLCANOES.  4W 

collection  is  indebted  to  Herr  Mollhausen,  the  draughtsman 
and  topographist  of  lieut.  Whipple's  exploidng  expedition, 
the  third  division,  or  that  of  the  dioritic  Tolucartrachytes, 
also  includes  those  of  Mount  Taylor,  between  Santa  Fl  del 
Nuevo  Mexico  and  Albuquerque,  as  well  as  those  of  Ciene- 
guilla  on  the  western  slope  of  the  Eocky  Mountains,  where, 
according  to  the  able  observations  of  Jules  Marcou, black  lava- 
streams  overflow  the  Jura-formation."  The  same  mixbure  of 
oligoclase  and  hornblende  which  I  saw  in  the  Azteck  high- 
lands, in  Anahuac  proper,  but  not  in  the  Cordilleras  of  South 
America,  are  also  found  far  to  the  west  of  the  JRocky  Moun- 
tains and  of  Zuni,  near  the  Mohave  river,  a  tributary  of  the  Rio 
Colorado  (see  Marcou,  Sesume  of  a  geohgical  reconnaissance 
from  the  Arkansas  to  California,  July,  1854,  pp.  46—48.  See 
also  two  important  French  treatises, — Resume  explicatifd^une 
Carte  Geologiqtie  des Etats-TTnis,  1855,  pp.  113 — 116,  and  Es- 
quisse  Sune  Classification  des  Ckatnes  de  Montagues  d&  V Ame^ 
rique  du  Nord,  1855  ;  Sierra  de  8.  Erancisco  et  Mount  Taylor y 
p.  23).  Among  the  trachytes  of  Java,  for  specimens  of  which 
I  am  indebted  to  my  friend  Dr.  Junghuhn,  we  have  likewise 
recognised  those  of  the  third  division  in  three  volcanic  dis- 
tricts, namely,  Burung-agung,  Tyinas  and  Gurung  Parang 
(in  the  Batugangi  district). 

Fourth  division.  "  The  leading  mass  contains  augite  with 
oligoclase  : — ^the  Peak  of  Teneriffe,'®  the  Mexican  volcanoes 

"^  The  felspar  in  the  trachytes  of  Teneriffe  was  first  recognised  in 
18i2  by  Charles  Deville,  who  viBited  the  Canary  Islands  in  the  autumn 
of  that  year ;  see  that  distinguished  geologist's  Voyage  OSoloffigne  <mx 
Antilles  et  aux  Ilea  de  T^nCriffe  et  de  Fogo,  1848,  pp.  14,  74,  and  169 ; 
also  Analyse  du  Feldspath  de  T^n^rifife,  in  the  Comptes  rendus  de  VAcad. 
des  Sciencesj  t.  xiz,  1844,  p.  46.  "  The  labours  of  Messrs.  Gustav  Ros« 
and  H.  Abich/'  he  says,  "  have  contributed  in  no  small  degree,  both 
erystallographically  and  chemically,  to  throw  light  on  the  numeroun 
Yarieties  of  minerads  which  were  comprised  under  the  vague  denomina> 
tion  of  felspar.  I  have  succeeded  in  submitting  to  analysis  carefvUy 
isolated  crystals  whose  density  in  different  specimens  was  very  uni- 
formly 2*593,  2*594,  and  2*586.  This  is  the  first  time  that  the  oligo- 
clase'felspar  has  been  indicated  in  volcanic  regions,  with  the  excep- 
tion perhaps  of  some  of  the  great  masses  of  the  Cordillera  of  the 
Andes.  It  was  not  detected,  at  least  with  any  certainty,  except  in  the 
ancient  eruptive  rocks  (plutouic,  granite,  syenite,  syenitic  porphyry 
.,...),  but  in  the  trachytes  of  the  Peak  of  Teneriffe  it  plays  a 
part   analogous  to  that  of   the  labrador  in  the   doleritic  masses  of 
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Popocatepetl^'  and  Colima,  the  South  Aiamdcan  volcaaoes^ 
Tolima  (with  the  Paramo  de  Buiz),  Piirac6  near  Popayan, 

Etna.**  Compare  also  RammelHbeiy,  in  the  ZdUc^,  der  Deuttchen 
^feol.  GadUchaft,  Bd.  v,  1853,  s.  691,  and  the  4th  Supplement  of 
bis  JBftmdwdrterbttchs  der  cTiem,  MinercUogie,  s.  245. 

^  The  first  determination  of  height  of  the  great  volcano  of  Mexico, 
Popocatepetl  is,  so  far  as  I  am  aware,  the  trigonometrical  measure- 
ment ahr«uly  mentioned  (see  aboTe,  p.  41,  note  42)^  executed  by  me  on 
24th  January,  1304,  in  the  Llano  de  Tetimba.  The  summit  was  found 
to  be  1536  toises  above  the  Llano,  and  as  the  latter  lies  barometrically 
1234  toises  above  the  coast  of  Vera  Cniz,  we  obtain  2770  toises,  or 
17,728  English  feet,  as  the  absolute  height  of  the  volcano.  The  baro- 
metrical mersurements  which  have  succeeded  my  trigonometrical  cal- 
culation lead  me  to  conjecture  that  the  volcano  is  still  higher  tiian  I 
have  made  it  in  the  Etaai  stur  la  Giographie  des  Plantea,  1807,  p.  148, 
and  in  the  Easai  Politiqtte  9W  la  Nowo.  Edpagnef  t.  i,  1825,  p.  185. 
William  Glennie,  who  first  reached  the  margin  of  the  crater  on  the 
"20th  April,  1827,  found  it,  according  to  his  own  calculation  {Gazeia 
dd  iSbJ,  published  in  Mexico,  No.  1432),.  17,884  feet,  equal  to  2796 
toises,  but»  as  corrected  by  the  mining  director,  Burkart,  who  has 
acquired  so  high  a  reputation  in  the  department  of  American  hypso- 
metiy,  and  who  compared  the  calculation  in  Vera  Cruz  with  barome^ 
trical  observations  taken  nearly  at  the  same  time,  it  comes  out 
-fully  18,017  feet.  On  the  other  hand,  a  barometrical .  measurement 
hy  Samuel  Birbeck  (10th  Nov.  1827),  calculated  according  to  the  tables 
of  Oltmanns,  gave  only  17,854  feet,  and  the  measurement  of  Alex. 
Boignon  (Gumprecht,  Zeitschrift  fH/r  Allg,  Erdkunde,  Bd.  iv,  1855, 
fi.  390);  coinciding  almost  too  precisely  with  the  trigonometrical 
measurement  of  Tetimba,  giyes  5403  metres,  equal  to  17,726  feet 
The  talented  Herr  yon  Gerolt,  the  present  Prussian  ambassador  in 
Wadiingtoo,  accompanied  by  Baron  Gros,  likewise  visited  the  sum- 
mit of  Popocatepetl  (28th  May,  1833),  and  found,  by  an  exact  barome- 
trical measurement,  the  Boca  del  Fraile,  below  the  crater,  16,896  feet 
.above  the  sea.  Singularly  contrasted  with  these  chronologically-stated 
hypsometrical  results  appears  a  carefully-conducted  b£ux>metrical  mea- 
«urement.by  M.  Craveri,  published  by  Petermann  in  his  valuable 
MiMlmivmgen,  iiber  wicMige  neue  Erforschungen  der  Geographie,  1856 
<Heft  x),  s.  358-— 361.  That  traveller  found,  in  September,  1856,  the 
height  of  the  highest  margin  of  the  crater,  the  north-west,  compared 
'With  what  he  considered  the  mean  height  of  the  atmospheric  pressure 
in  Vera  Cruz,  only  6230  metres,  or  17,159  feet,  which  is  556 
feet  (^  of  the  whole  height  under  measurement)  loss  than  I 
found  it  by  trigonometrical  measurement  half  a  century  previous. 
'<Iraveri  likewise  makes  the  height  of  the  city  of  Mexico  above  the  sea 
196  feet  less  than  Burkart  and  I  have  found  it  to  be  at  very  difierent 
times ;  he  reckons  it  at  only  2217  metres,  or  7274  feet,  instead  of 
2277  metres,  or  7471  feet.  In  Dr.  Petermann's  periodical  above 
.deferred  to,  p.  479 — 481,  I  have  explained  myself  more  particularly  on 
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£asto  and  Cumbal  (according  to^  specimens  collected  bj 

the  subject  of  these  yariations  plus  or  minus,  as  compared  with  the 
ipesult  of  my  trigonometrical  measurement,  which  unfortunately  hag 
never  been  repeated.  The  453  determina^ns  of  height  which  I  made 
from  September,  1799,  to  February,  1804,  in  Venezuela,  on  the  woody 
shores  of  the  Orinoco,  the  Rio  de  la  Magdalena,  and  the  river  Amazon ; 
in  the  Cordilleras  of  New  Granada,  Quito,  and  Peru,  and  in  the  tropical 
region  of  Mexico,  all  of  which,  re-calculated  by  Professor  Oltmanns, 
uxuformly  according  to  the  formula  of  Laplace  and  the  co-efficients 
of  Bamond,  have  been  published  in  my  Nivdtemmt  BarojuUtriqueet  Q6o- 
logiqtie,  1810  {Recueil  d'Observ.  Astronom,  t.  i,  pp.  295 — 334)  were  per- 
formed without  exception  with  Ramsden's  otstem-barometers  ""k  niveau 
constant,"  and  not  with  apparatus  in  which  several  irei^-filled  Torricel- 
lian tubes  may  be  inserted  one  after  another,  nor  by  theinstrument,  pro- 
jected  by  myself,  described  in  Lamdtherie*8  Journal  de  Physique,  t,  iv, 
pv  468,  and  occasionally  used  in  Germany  and  France  during  the  years 
1796  and  1797.  Gay-Lussan  and  I  made  use,  to  our  mutual  satisfaction, 
of  a  portable  Bamsden  cistern-barometer  exactly  similar  in  construc- 
tion, in  the  year  1805,  during  our  journey  through  Italy  and  Swit- 
zerland. The  admirable  observations  of  the  Olmutz  astronomer, 
Julius  Schmidt,  on  the  margins  of  the  crater  of  Vesuvius  {Beackrdhumigi 
der  Eruption  im  Mai,  1855,  s.  114 — 116)  furnish  from  their  similarity 
^^itional  motives  of  satisfaction.  As  I  never  have  ascended  the  sum? 
mit  of  Popocatepetl,  but  measured  it  trigonometrically,  there  is  no 
foundation  whatever  for  the  extraordinary  crzticiaoti  (Craveri,  in  Peter- 
mann's  Geogr^  MtttheiluTigen,  Hef t  x,  s.  359),  ''that  the  height  of  the 
mountain,  as  described  by  me  is  imsatisfactory,  because,  as  I  my- 
self stated,  I  had  made  use  of  fresh-filled  Torricellian  tubes."  The 
apparatus  with  several  tubes  ought  never  to  be  used  in  the  open  air, 
more  especially  on  the  summit  of  a  mountain.  It  is  one  of  those 
nieans  which,  from  the  conveniences  furnished  by  large  towns,  may 
be  emi^oyed  at  long  intervals,  when  the  opeiator  feels  anxious  as  to 
the  state  of  his  barometer.  For  my  own  part,  I  have  had  recourse  to 
it  only  on  very,  rare  occasions,  but  I  would  nevertheless  still  recom- 
mend it  to  travellers,  accompanied  by  a  comparison  with  the  boiling 
point,  as  warmly  as  I  did  in  my  Ohservaiions  Astronomiques  (vol.  i, 
pp.  363 — 373): — *' As  it  is  better  not  to  observe  at  all  than  to  make  bad 
observations,  we  ought  to  be  less  afraid  of  breaking  the  barometer  than 
<>f  putting  it  out  of  order.  M.  Bonpland  and  I  having  four  different 
times  traversed  the  Cordilleras  of  the  Andes,  the  determinations  which 
chiefly  interested  us  were  repeated  at  different  times,  as  we  returned 
to  the  places  which  seemed  doubtful.  We  occasionally  employed  the 
appeiratus  of  Mutis,  in  which  TorricelU's  primary  experiment  is  per- 
formed, by  applying  successively  three  or  four  strongly  heated  tubes> 
filled  with  mercury  recently  boiled  in  a  stoneware  crucible.  When 
there  is  no  possibility  of  replacing  the  tubes,  it  is  perhaps  prudent 
not  to  boU  the  mercury  in  the  tubes  themselves.  In  this  way 
I.  have  found,  in  experiments  made  in  conjunction  with  Lindner, 
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Boussmgault),  Buca-Pichincha,  Antisana^  Gotopazi,  Cbim* 

ProfesBor  of  Chemistry  at  the  School  of  Mines  in  Mexico,  the  height  of 
the  column  of  mercury  at  Mexico  in  six  tubes,  as  follows  :-« 

259.7  lines  (old  Paris  foot) 

259.5 

259.9 

259.9 

260.0 

259.9 

"  The  two  last  tubes  alone  had,  by  means  of  heat,  been  deprived  of  air 
by  BeUardoni,  the  instrument  maker  at  Mexico.  As  the  exactness  of 
the  experiment  depends  partly  on  the  perfect  cleanliness  of  the  inside 
of  the  empty  tubes,  which  are  so  easily  carried,  it  is  a  good  plan  to  seal 
them  hermetically  over  a  lamp."  As  the  angles  of  altitude  cannot,  in 
mountainous  districts,  be  taken  from  the  sea-shore,  and  the  trigono- 
metrical measurements  are  of  a  mixed  nature  and  to  a  considerable 
extent  (frequently  as  much  as  4  or  -^y  of  the  whole  height)  baro- 
metrical, the  determination  of  the  height  of  the  elevated  plain  in  which 
the  base  Une  may  be  measured  is  of  great  importance.  As  cor- 
responding barometrical  observations  at  sea  are  seldom  obtained,  or  for 
the  most  part  only  at  too  great  a  distance,  travellers  are  too  often  in- 
duced to  take  the  results  they  have  obtained  from  a  few  days'  obsw- 
vations,  conducted  by  them  at  different  seasons  of  the  year,  as  the 
mean  height  of  the  pressure  of  the  atmosphere  on  the  elevated  plain 
and  at  the  seashore.  **  In  wishing  to  know  whether  a  measurement 
made  by  means  of  the  barometer  possesses  the  exactness  of  trigono- 
metrical operations,  it  is  only  necessary  to  ascertain  whether,  in  a  given 
case,  the  two  kinds  of  measurement  have  been  taken  imder  equally 
favourable  circumstances,  that  is  to  say,  by  fulfilling  those  con- 
ditions which  both  theory  and  long  experience  have  prescribed.  The 
mathematical  experimenter  dreads  the  effect  of  terrestrial  refrae- 
tions,  while  the  physical  experimenter  has  reason  to  fear  the 
unequal  and  far  from  simultaneous  distribution  of  the  temperature 
in  the  column  of  air  at  the  extremities  of  which  the  two  barometers 
are  placed.  It  is  probable  enough  that  near  the  surface  of  the  earth 
the  decrease  of  caloric  is  slower  than  at  greater  elevations,  and  in 
order  to  ascertain  with  precision  the  mean  density  of  the  whole  column 
of  air,  it  would  be  necessary  to  ascend  in  a  balloon  so  as  to  examine  the 
temperature  of  each  successive  stratum  or  layer  of  the  superimposed 
air"  (Humboldt,  ItectteU  cP  Ohserv.  Astron.  voL  i,  p.  138 ;  see  also  371,  in 
the  appendix  on  refraction  and  barometrical  measurements).  While 
the  barometrical  measurement  of  M.  M.  Truqui  and  Craveri  gives  only 
17,159  feet  to  the  summit  of  Popocntepetl,  whereas  Glennie  gives 
17,889  feet,  I  find  that  the  lately  published  measurement  of  Professor 
Carl  Heller  of  Olmiitz,  who  has  thoroughly  investigated  the  district 
surrounding  Mexico,  as  well  as  the  provinces  of  Yucatan  and  Chiapa, 
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l>orazo,^  Tungnragua,  and  trachyte  rocks  which  are 
eoyered  by  the  ruins  of  Old  Riobamba.  In  the  Tunguraguay 
besides  the  angites  there  occur  also  separate  blackish  green 

eorreflponds  to  within  32  feet  of  my.  own.  (Compare  my  Essay  on  the 
Meight  of  the  Mexican  Volcano  Popocatepetl^  in  Dr.  Petermanu's 
MittheUtmgen  was  Justus  Perthes  Oeographischer  AnstcUt,  1856,  &  479 
—481). 

^  In  the  Chimborazo  rock  it  is  not  possible,  as  in  the  Etna  rock, 
to  separate  mechanically  the  felspathic  crystals  from  the  ground- 
mass  in  which  they  lie,  but  the  large  proportion  of  silicic  acid  which 
it  contains,  along  with  the  fact  connected  therewith  of  the  small 
specific  gravity  of  the  rock,  make  it  apparent  that  the  felspathic 
constituent  is  oligoclase.  The  quantity  of  silicic  acid  which  a  mineral 
contains  and  its  specific  gravity  are  generally  in  an  inverse  ratio; 
in  oligoclase  and  labradorite  the  former  is  64  and  53  per  cent, 
while  the  latter  is  2.66  and  2.71.  Anorthite,  with  only  44  per  cent,  of 
«ilicic  acid,  has  the  great  specific  gravity  of  2.76.  This  inverse  pro- 
portion between  the  quantity  of  silicic  acid  and  the  specific  gravity 
does  not  occur,  as  Qustav  Rose  reniiarks,  in  the  felspathic  minerals, 
which  are  also  isomorphous,  but  with  a  different  crystalline  form. 
Thus  felspar  and  leucite,  for  instance,  have  the  same  component 
parts, — potash,  alumii:;*,  and  silicic  acid.  The  felspar,  however,  con- 
tains 65  and  the  leucite  only  56  per  cent,  of  silicic  acid,  yei  the 
former  has  a  higher  specific  gravity,  namely,  2.56,  than  the  latter, 
whose  specific  gravity  is  only  2.48. 

Being  desirous  in  the  spring  of  1854  to  obtain  a  fresh  analysis  of 
the  trachyte  of  Chimborazo,  Professor  Rammelsberg  kindly  undei*took 
the  task,  and  performed  it  with  his  usual  accuracy.  I  here  give  the 
results  of  this  analysis,  as  they  were  communicated  to  me  by  Gustav 
Hose,  in  a  letter  in  the  month  of  June,  1854.  He  says  :  "  The  Chim- 
borazo rock,  submitted  to  a  careful  analysis  by  Professor  Rammels- 
berg, was  broken  from  a  specimen  belonging  to  your  collection,  which 
you  had  brought  home  from  the  narrow  rocky  ridge  at  a  height  of 
more  than  19,000  feet  above  the  sea." 

Rammeisberg's  Analysis, 
(Height  19,194  English  feet;  spec.  grav.  2.806.) 


Oxygen. 

Smcicacid  59.12         ...  30.70        2.33 

Alumina  13.48         ...  6.30 

Protoxide  of  iron   7.27 

Lime    6.50 

Magnesia 5.41        2.13  )      6. 

Soda 8.46 

Potash 2.64        0.45 

97.88 


6.30  ^ 

::: 

6.93  J 
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crystals  of  uralite,  of  from  half  a  line  to  fiye  lines  in  lengthy 
witli  a  perfect  augite  form  and  the  cleavage  of  hornblende 
(see  Hose^  Beiae  nach  dem  TTral,  Bd.  ii,  s.  353)."    I  brought 

Abie's  Analyns,  ' 

(Height  16,179  English  leet ;  spec.  gi»T.  2.685.) 

Oxygon. 

Silicic  acid  65.09         ...  33.81        2.68 

Alumina  15.58 

Oxideofiron  8.88 

Protoxide 1.73 

Lime 2.61 

MAgnesia 4.10 

Soda 4.46 

Potash 1.99 


Chlorine,  and  loss  hy)  ai^ 
heat I 


99.80 

In  explanation  of  these  figures  it  must  be  observed,  that  the  firal 
series  gives  the  ingredients  in  a  per  oentage,  the  second  and  third  give 
the  oxygen  contained  in  them.  The  second  space  shows  only  the 
oxygen  of  the  stronger  oxides  (those  which  contain  1  atom  of  oxygen). 
In  the  third  space  this  is  recapitulated,  so  as  to  offer  a  comparison 
with  that  of  the  alumina  earth  (which  is  a  wealc  oxide)  and  of  the 
silicic  acid.  The  fourth  space  gives  the  proportion  of  the  oxygen  of 
the  silicic  a4sid  to  the  oxygen  of  the  aggregate  bases,  which  latter 
are  fixed  »1.  In  the  tnkchyte  of  Chimborazo  this  proportioa 
is- 2.33:1. 

''The  differences  between  the  analyses  of  Bammelsberg  and  of 
Abich  are  certainly  important.  Both  analysed  minerals  from  Chim* 
boraeo,  from  the  relative  heights  of  19,194  and  16479  feet,  which 
were  broken  off  by  you  and  were  taken  from  your  geological  collection 
in  the  Royal  Mineral  Cabinet  at  Berlin.  The  mineral  from  the  lower 
elevation  (scarcely  400  feet  higher  than  the  summit  of  Mont  Blanc) 
which  Abich  has  analysed,  possesess  a  smaller  specific  gravity,  and  in 
correspondence  therewith  a  greater  quantity  of  silioic  add,  than  the 
mineral  taken  from  a  point  2918  feet  higher,  analysed  by  Ram- 
melsbeig.  Assuming  that  the  aigillaceous  earth  belongs  only  to  the 
felspathic  ingredient,  we  may  reckon  in  the  analysis  of  Bammels- 
berg : — 

Oligoclase 68.66 

Augite  34.14 

Silicic  acid 4.08 

As  thus,  by  the  assumption  of  oligoclase,  a  portion  of  silieic  acid 
remains  over  unoombined,  it  is  probable  that  the  felspathic  ingredient 
is  oligoclase  and  not  labradorite.    The  latter  does  not  occur  with 
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a  similar  jfragment,  with  distinct  iiraKte  oystals,  from  tbe 
slope  of  the  Tunguragua  at  an  eleTstion  of  13,260  feet. 
Gustav  Kose  considers  this  specimen  strikingly  different 

uncombined  silicic  add,  and  if  we  were  to  suppose  labradorite  ia  the 
rock,  a  greater  quantity  of  silicic  acid  would  remain  over/' 

A  careful  comparison  of  several  analyses  for  which  I  am  indebted 
to  the  friendship  of  M.  Charles  Sainte-Claire  Deville,  to  whom  the 
valuable  geological  collections  of  our  mutual  friend  Boussiugault  are 
accessible  for  chemical  experiment,  shows  that  the  quantity  of  silicic 
acid  contained  in  the  fundamental  mass  of  the  trachytic  rocks  is  gene- 
rally greater  than  in  the  felspars  which  they  contain.  The  table  kindly 
communicated  to  me  by  the  compiler  himaelf  in  the  month  of  June 
1857,  contains  only  five  of  the  great  volcanoes  of  the  chain  of  the 
Andes : — 


I  /  semi^vitrified,  brownish  grey 
Chimborazo  J  semi-vitreous,  and  black  .^... 
I  crystalline,  compact,  grey...... 

fgrey-blaek 

(vitreous  and  brownish  •.. 

igranulafced  ........*»....• 

black,  vitreous 

nearly  bottle  green 


Cotopaxi 

Pichincha 
Puracd 


Ghiadaloupe 
Bourbon 


grey,  granulated,  and  oellular 
orystalhxie,  grey,  porous 


■•  •  •••  •  • 


65.09  Abioh  \ 
63.19  Beville  [ 
62.66  DeviUe ) 
6i.26  Abich 
63.23  Abich 
69.28  Abioh 
63.98  Abich 
67.07  Abich 
68.80  DeviUe 


58.26 


58,2e 


57.95  DevOle 
50.90  Deville 


55.40 

54.25 
49.06 


**  These  differences,  as  far  as  regards  the  reLstire  richness  in  silica  of 
the  ground-mass  (and  the  felspar),"  continxies  GharleB  Deville,  "  wiU 
appear  siill  more  striking  when  it  is  considered  that,  in  analysing  a 
rock  en  mane,  there  are  inoladed  in  the  analysis,  along  with  the;  b^is 
properly  so  called,  not  (mly  fragments  of  felspar  similar  to  those  whidi 
have  been  extracted,  but  even  such  minerals  as  amphibole,  pyroxene^ 
and  especially  peridote,  which  are  less  rich  in  silica  than  the  felspar. 
This  excess  of  silica  manifests  itself  sometimes  by  the  presence  of  iso* 
lated  grains  of  quartz,  which  M.  Abich  has  detected  in  the  trachytes- 
of  the  Drachenfels  (Siebengebirge,  near  Bourn),  and  which  I  have  myself 
observed  with  some  surprise  in  the  trachytie  dolerite  of  Guadaloupe." 

"  If,"  observes  Gustav  Rose,  "  we  add  to  this  remarkable  synopsis  of 
the  siHcic  add  contained  in  CMmborazo  the  xeQult  of  the  latest  azuilysifly 
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from  the  seven  fragments  of  trachyte  from  the  same  volcano 
which  are  contained  in  mj  cabinet.  It  recalls  to  mind  the 
formation  of  green  slate  (schistose  augitic-porphyry)  which  we 

that  of  Rammelsberg  in  May,  1854,  we  shall  find  that  the  result 
obtained  by  Beville  occupies  exactly  the  mean  between  those  of  Abich 
and  Rammelsbei^.    Thus: — 

Chimhorazo-rock. 

Silicic  acid  65.09  Abich  (spec.  grav.  2.685) 
63.19  Deville 
62.66     do. 
59.12  Rammelsberg  (spec.  gray.  2.806/' 

In  the  Echo  du  Pacifique  of  the  5th  Januaiy,  1857,  published  at 
San  Francisco  in  Callfomia,  an  account  is  given  of  a  French  traveller, 
named  M.  Jules  R^my,  having  succeeded,  on  the  3rd  November,  1856, 
in  company  with  an  Englishman,  Mr.  Brencklay,  in  reaching  the 
summit  of  Chimborazo,  which  was  "  however,  enveloped  in  a  cloud,  so 
that  we  ascended  without  perceiving  it."  He  observed,  it  is  stated, 
the  boiling  point  of  water  at  171**. 5  F.,  with  the  temperature  of  the 
air  at  81*'.9  F.,  on  calculating  upon  these  data,  the  height  he 
had  attained  by  a  hypsometrical  rule  tested  by  him  in  repeated 
journeys  in  the  Haway  Archipelago,  he  was  astonished  at]  the  result 
brought  out.  He  found,  in  fact,  that  he  was  at  &n  elevation  of  21,467 
feet,  that  is  to  say,  at  a  height  differing  by  only  40  feet  from  that 
given  by  my  trigonometrical  measurement  at  Biobamba  Nuevo  in  the 
elevated  plain  of  Tapia,  in  June,  1803,  as  the  height  of  the  summit 
of  Chimborazo, — namely,  21,426  feet.  This  correspondence  of  a  trigo- 
nometrical measurement  of  the  summit  with  one  founded  on  the 
boiling  point  is  the  more  surprising,  as  my  trigonometrical  measure- 
ment, like  all  measurements  of  mountains  in  the  Cordilleras,  involves 
a  barometrical  portion,  and  from  the  want  of  corresponding  observa- 
tions on  the  shore  of  tiie  South  Sea,  my  barometrical  determination  of 
the  height  of  the  Llano  de  Tapia,  9484  feet,  cannot  possess  all  the 
exactness  that  could  be  desired.  (For  the  details  of  my  trigonometrical 
measurement,  see  my  Re<meil  d^  Observations  Asiron.,  vol.  i,  pp.  72  and 
74).  Professor  Poggendorff  kindly  undertook  to  ascertain  what  result 
under  the  most  probable  hypotheses  a  rational  mode  of  calculation 
would  produce.  He  found,  reckoning  under  both  hypotheses,  that 
the  prevailing  temperature  of  the  atmosphere  at  the  sea  being  81*.5  F., 
or  79*^.7  F.,  and  the  barometer  marking  29.922  inches,  with  the  ther- 
mometer at  the  freezing  point,  the  following  result  is  obtained  by 
Regnault's  table  : — ^the  boiling  point  at  the  summit  at  17l°.5  F.  answers 
to  12,677  inches  of  the  barometer  at  82°  temperature ;  the  tempera- 
ture of  the  air  may  therefore  be  taken  at  SS'^.S  F.  «=  34°.7  F. 
According  to  these  data,  Oltmanns'  tables  give,  for  the  height  ascended, 
under  the  first  hypothesis  (81°.5),  =  7328"».2,  or  24,043  feet,  and  under 
the  second  (79°.7),  =  7314"».5,  or  23,998  English  feet,  showing  an 
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haye  found  so  diffused  on  the  Asiatic  side  of  the  Ural 
(Ibid.  s.  544). 

Fiffch  division.  "  A  mixture  of  labradorite"  and  augite,** 
a  doleritic  trachyte :  Etna,  Stromboli ;  and,  according  to 
the  admirable  works  on  the  trachytes  of  the  Antilles  by 
Charles  Sainte-Claire  Deville,  the  Soufri^re  de  la  Guadeloupe, 
as  well  as  the  three  great  cirques  which  surround  the  Pic  de 
Salazu,  on  Bourbon." 

Sixth  division.  "The  ground-mass,  often  of-  a  grey 
colour,  in  which  crystals  of  leucite  and  augite  lie  imbedded, 
with  very  little  olivine  : — Vesuvius  and  Somma ;  also  the 
extinct  volcanoes  of  Vultur,  Rocca  Monfina,  the  Albanian 
hills  and  Borghetto.  In  the  older  mass  (for  example,  in  the 
wall  and  paving-stones  of  Pompeii)  the  crystals  of  leucite  are 
more  considerable  in  size  and  more  numerous  than  the  augite. 

average  of  777™.,  or  2549  EDglish  feet,  more  than  my  barometrical 
measurement.  To  have  corresponded  with  this,  the  boiling  point, 
should  have  been  found  about  2°.25  cent,  higher,  if  the  summit  of 
Chimborazo  had  actually  been  reached.  Poggendorffs  Annalen,  Bd.  c, 
1857,  s.  479. 

^^  That  the  trachytic  rocks  of  Etna  contain  labradorite  was  demon- 
strated by  Gustav  Hose  in  1833,  when  he  exhibited  to  his  friends  the  rich 
Sicilian  collections  of  Friedrich  Hoffmann  in  the  Berlin  Mineralogical 
cabinet.  In  his  treatise  on  the  minerals  known  by  the  names  of  green- 
stone and  green-stone  porphyry  {Poggend.  Annal.,  Bd.  xxziv,  1835^ 
p.  29),  Gustav  Rose  mentions  the  lavas  of  Etna,  which  contain  augite 
and  labradorite  (compare  Abich  in  his  interesting  treatise  on  the  whole- 
felspathic-family,  (Poggend.  Annal.,  1840,  Bd.  1,  s.  847).  Leopold  von, 
Buch  describes  the  rock  of  Etna'  as  analogous  to  the  dolerite  of  the: 
basalt-fonnation  {Poggend,  Anmal.,  Bd.  xxxvii,  1886,  s.  188). 

^  Sartorius  von  Waltershausen,  who  has  for  many  years  carefully 
investigated  the  trachytes  of  Etna,  makes  the  following  important* 
observations  : — "  the  hornblende  there  belongs  especially  to  the  older- 
masses, — the  green-stone  veins  in  the  Val  del  Bove,  as  well  as  the- 
white  and  red  trachytes,  which  form  the  ground  mass  of  Etna  in 
the  Serra  Oiamiicola.  Black  hornblende  and  bright  yellowish-green, 
augite  are  there  found  side  by  side.  The  more  recent  lava-streama 
from  1669  {especially  those  of  1787,  1809,  1811,  1819,  1832,  1838, 
and  1842),  show  augite,  but  no  hornblende.  The  latter  seems  to  be 
generated  only  after  a  longer  period  of  cooling"  (Waltershausen,  Ueber 
die  vulkainschen  Gesteine  von  SicUien  und  Island,  1853,  s.  Ill — 114). 
In  the  augitiferous  trachytes  of  the  fourth  division  in  the  chain  of  the 
Andes,  along  with  the  abundant  augites,  I  have  indeed  sometimes  found 
none,  but  sometimes,  as  at  Cotopaxi  (at  an  elevation  of  14,068  feet)  and 
at  Rucu-Pichincha,  at  a  height  of  16,304  feet,  distinct  black  hornblende- 
crystals  in  small  quantities. 
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In  the  pgresent  lavasy  oa  the  contrary,  the  augitea  predond* 
sate  and  the  leucites  are  on  the  whole  very  scaroe,  althovi^ 
tiie  layarstream  of  the  22nd  April,  184^,  haa  famished  them 
in  ahundauce.^  Fragments  of  trachjteB  of  the  £rst  division, 
containing  glassy  ^spar  (Leopold  y<m  Bueh's  trctehyte 
jkroper)y  are  imbedded  in  the  tufas  of  Monte  Somma ;  they 
also  occur  detached  in  the  layer  of  puxmoa  wlueh  covers 
Pompeii.  The  leucite-ophyr-trachytes  of  the  sixth  division 
must  be  carefully  distinguished  from  the  trachytes  of  the 
£rst  division,  although  leucites  occur  in  the  westernmost 
pirt  of  the  Phlegrs&an  Melds  and  on  the  island  of  Croeida, 
as  has  been  already  mentioned." 

The  talented  originator  of  the  above  classification  of  vol- 
canoes, according  to  the  association  of  the  simple  minerals 
which  they  present,  does  not  by  any  means  suppose  that  he 
has  completed  the  grouping  of  all  that  are  found  on  the 
stirface  of  the  earth,  which  is  still  on  the  whole  so  very 

^  See  PiUai:  in  the  Combes  rendAis  de  VAcad.  dea  Sc.^  t.  xz,  1845, 
p.  324.  In  the  leucite-crystals  of  the  Rocca  Monfina,  Pllla  haa.  found 
the  surface  coyered  with  worm-tubes  {serptda),  indicating  »  submarine 
Tolcanic  formation.  On  the  leucite  of  the  Eifel^  in  the  traebyte  of  the 
Burgberg  near  Rieden,  and  that  of  Albano,  Lago  Braooiano,  and  Bor- 
ghetto,  ta  the  north  of  Borne,  see  above,  page  32,  note  93.  In 
the  centre  of  large  crystals  of  leucite,  Leop.  y.  Buch  has  generally 
found  the  fragment  of  a  crystal  of  augite,  round  which  the  leueite- 
cryfitaUisation  has  formed,  ^'a  circumstance  which,  considering  the 
ready  fusibility  of  the  augite,  and  the  infusUulity  of  the  leucite,  is 
somewhat  singular.  More  frequently  still  are  fragments  of  the  funda- 
mental mass  itself  enclosed  like  a  nucleus  in  leucite-porphyry."  01ivh]te 
is  likewise  found  in  lavas,  as  in  the  cavities  of  the  obsidian,  which  I 
iMTOught  from  the  Cerro  del  Jacal  in  Me^^ico  (Oomnof,  vol,  i,  p.  268, 
note  X),  and  yet,  strange  to  say,  also  in  the  hypersthene  rock  of 
Elfdal  (Berzelius,  Sechster  Jahreaherickty  1827,  s.  302)^  which  was 
long  considered  to  be  syenite.  A  similar  contrast  in  the  nature  of  the 
places  where  it  is  found  is,  exhibited  by  oligoclase,  which  occurs  in  the 
trachytes  of  still  burning  volcanoes  (the  Peak  of  Teneriffe  and  Cotopaxl), 
and  yet  at -the  sajne  time  also  in  the  granite  and  granitite  of  Schreiber- 
eau  and  Warmbrunn  in  the  Silesian  Biesengebirge  (Gustav  Bosei,  in 
the  minerals  belonging  to  the  granite-group,  in  the  Zeitselmften  d. 
Dtwtsch.  ged.  CksdlacL,  zu  Berlin,  Bd.  i,  s.  364).  This  is  not  l^e  case 
with  the  leucite  in  the  Plutonic  rocks,  for  the  statement  that  leucite 
has  been  found  disseminated  in  the  mica-slate  and  gneiss  of  the 
Pyrenees  near  Gavamie  (an  assertion  which  even  Hauy  has  repeated) 
has  been  found  erroneous,  after  many  years*  investigation^  by  Dufr^noy 
{TraiU  de  Min^rcUogie,  t.  iii,  p.  399). 
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imperfectly  inyestigated  in  &  scieiitifically  geolc^cal  and 
chemical  sense.  Modifications  in  the  nomenclatare  of  tha 
asaoGJiated  minerals^  as  well  as  additions*  to  the  trachytef^ 
formations  themselves,  are  to  be  expected  in  two  ways,  both 
from  the  progressive  improvement  of  mineralogy  itself  (in  a 
more  exact  specific  distinction  both  with  regard  ito  form  and 
chemical  composition),  and  from,  the  increased  number  of 
collections,  which  are  for  the  most  part  so  incomplete  and 
so  aimless.  Here,  as  in  all  other  cases  where  the  governing 
law  in  cosmical  investigations  can  only  be  discovered  by  a 
widely-extended  comparison  of  individual:  cases,  we  must 
proceed  on.  the  principle  that  everything  which,  in  the 
present  condition  of  science,  we  think  we  know,  i8r>  buk  a 
small  portion  of  what  the  next  century  will  bring  to.  light; 
Xbe  means  of  early  acquiring  thi»  advantage  lie  in  profusion 
before  us,  but  the  investigation  of  the  trachytic  portion  of 
the  dry  surface  of  the  earth,  whether,  nused,  depressed,  or 
opened  up  by  fiasures,  Laa  hith«rto  beea  yery  deficient  in  the 
employment  of  thoroughly  exhaustive  methock. 

Though  similar  in  form,  in  the  construction  of  their  frames 
work  and  their  geotectonic  relation^,  volcanoes  situated 
very  near  each  other  have  frequently,  a  very  different  indi* 
vidual  character  in  regard  to  the  composition  and  association, 
of  their  mineral  aggregate.  On  the  great  transverse  fissure 
which,  extending  from  sea  to  sea,  almost  entirely  in  a  direor 
tion  from  west  to  east,  intersects  a  chain  of  mountains,  or, 
more  properly  speaking,  an  uninterrupted  mountainous  swell, 
running  from  south-east  to  north-west,  the  volcanoes  occur 
in  the  following  order: — Colima  (13,003  feet),  JoruUo  (4265 
feet),  Toluca  (15168  feet),  Popocatepetl  (17,726  feet),  and 
Orizaba  (17,884  feet).  Those  situated  nearest  to  each  other 
are  dissimilar  in  the  composition  which  characterizes  them, 
a  similarity  of  trachyte  occurring  only  alternately.  Colima 
and  Popocatepetl  consist  of  oligoclase  with  augite,  and  conse- 
quently  have  the  trachyte  of  Chimborazo  or  Teneriffe; 
Toluca  and  Orizaba  consist  of  oUgoclase  with  hornblende, 
iemd  consequently  have  the  rock  of  u^gina  and  Kozelmk. 
The  recently  formed  volcano  of  Jorullo,  which  is  scarcely 
more  than  a  large  eruptive  hill,  consists  almost  alone  of 
scoriaceous  lavas,  resembling  basalt  and  pitchstone,  and 
seems  more  like  the  trachyta  of  Toluca  than  that  of  Colima. 

2  H  2 
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In  these  consideratioiis  on  the  individual  diversity  of  the 
mineralogical  constitution  of  neighbouring  volcanoes^  we  find 
a  condemnation  of  the  mischievous  attempt  to  introduce  a 
name  for  a  species  of  trachyte,  derived  from  a  mountain- 
chain,  chiefly  volcanic,  of  more  than  7200  geographical  miles 
in  length.  The  name  of  Jura  limestone,  which  I  was  the 
first  to  introduce,**  is  unobjectionable,  because  it  is  taken 
from  a  simple  immixed  rock ;  from  a  chain  of  mountains 
whose  antiquity  is  characterised  by  its  containing  organic 
remains.  It  would  in  like  manner  be  unobjectionable  to 
designate  trachyte-formations  after  particular  mountains, — 
to  make  use  of  the  expression  TenerifTe-trachyte  or  Etna- 
trachyte  for  decided  oligoclase  or  labradorite  formations. 
80  long  as  there  was  an  inclination  among  geologists  to  find 
albite  everywhere  among  the  very  different  kinds  of  felspar 
which  are  peculiar  to  the  chain  of  the  Andes,  every  rock  in 
which  albite  was  supposed  to  exist  was  called  andesite.  I 
first  meet  with  the  name  of  this  mineral,  with  the  distinct 
definition  that  ''andesite  is  composed  of  a  preponderating 
quantity  of  albite  and  a  small  quantity  of  hornblende,"  in 
the  important  treatise  written  in  the  beginning  of  the  year 
1835  by  my  friend  Leopold  von  Buch  on  ''Oraters  of  upheaval 
and  volcanoesJ"^    This  tendency  to  find  albite  every  where 

^  In  the  coarse  of  a  geological  tour  which  I  made,  in  1795,  through 
the  south  of  France,  western  Switzerland,  and  the  north  of  Italy,  I  had 
satisfied  myself  that  the  Jura  limestone,  which  Werner  reckoned  am6ng 
his  MuBchel-kalk,  constituted  a  peculiar  formation.  In  my  treatise 
on  subterranean  gases,  published  by  my  brother,  Wllhelm  yod^  Hum- 
boldt, in  1799,  during  my  residence  in  South  America,  this  formation, 
which  I  provisionally  designated  as  Jura  limestone,  was  for  the  first 
time  mentioned  (s.  39).  This  account  of  the  new  formation  was  imme* 
diately  transferred  to  the  Oberbergrath  Earsten's  mineralogical  tables, 
at  that  time  so  generally  read  (1800,  p.  64,  and  preface,  p.  vii),  I  named 
none  of  the  petrifactions  which  characterise  the  Jura  formation,  and  in 
relation  to  which  Leopold  von  Buoh  has  acquired  so  much  credit 
(1889) ;  I  erred  likewise  in  the  age  ascribed  by  me  to  the  Jura  forma- 
tion, supposing  it  to  be  older  than  muschel-kalk,  on  account  of  ita 
propinquity  to  the  Alps,  which  were  considered  older  than  Zechstein. 
In  the  earliest  tables  of  Buckland,  on  the  Superposition  of  strata  in  the 
British  Islands,  the  Jura  limestone  of  Humboldt  is  reckoned  as  belong- 
ing to  the  upper  oolite.  Compare  my  Essai  GSogn.  sur  le  Gisement  des 
Roches,  1823,  p.  281. 

^  The  name  of  Andesite  first  occurrs  in  print  in  Leopold  von  Buch*B 
treatise,  read  on  the  26th  March,  1835,  at  the  Berlin  Academy.     That 
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lasted  for  five  or  six  years,  until  renewed  investigations  of  a 

great  geologist  limits  the  appellation  of  trachyte  to  those  cases  in  which 
glassy  felspar  is  contained,  and  thus  speaks  in  the  above  treatise, 
which  was  not  printed  till  1836  {Poggmd.  Annul.,  Bd.  itxxvii,  s. 
188 — 190): — "The  discoveries  of  Gustav  Rose,  relating  to  felspar, 
have  shed  a  new  light  on  volcanoes  and  geology  in  general,  and  the 
minerals  of  volcanoes  have  in  consequence  presented  a  new  and  totally 
unexpected  aspect.  After  many  careful  investigations  in  the  neigh- 
bourhood of  Catanea  and  at  Etna,  Elie  de  Beaumont  and  I  have  con* 
vinced  ourselves  that  felspar  ia  not  to  be  met  with  on  Etna,  and 
consequently  there  is  no  trachyte  either.  All  the  lava-streams,  as  well 
as  all  the  strata  in  the  interior  of  the  mountain,  consist  of  a  mixture  of 
augite  and  labradorite.  Another  important  difference  in  the  minerals 
of  volcanoes  is  manifested  when  albite  takes  the  place  of  felspar,  in 
which  case  a  new  mineral  is  formed,  which  can  no  longer  be  denomi* 
nated  trachyte.  According  to  G.  Hose's  (present)  investigations,  it  may 
be  considered  tolerably  certain  that  not  one  of  the  almost  innumer- 
able volcanoes  of  the  Andes  consists  of  trachyte,  but  that  they  aU 
contain  albite  in  their  constituent  mass.  This  conjecture  seems  a  very 
bold  one,  but  it  loses  that  appearance  when  we  Consider  that  we  hav6 
become  acquainted,  through  Himiboldt's  journeys  alone,  with  one-half 
of  these  volcanoes  and  their  products  in  both  hemispheres.  Through 
Meyen  we  are  acquainted  with  these  albitiferous  minerals  in  Bolivia 
and  the  northern  part  of  Chili;  through  Poppig,  as  far  as  the  southern- 
most limit  of  the  same  country ;  through  Erman,  in  the  volcanoes  of 
Kamtschatka.  Their  presence  being  so  widely  diffused  and  so  distinctly 
marked,  seems  sufficiently  to  justify  the  name  of  andesite,  under  which 
this  mineral,  composed  of  a  preponderance  of  albite  and  a  small  quan- 
tity of  hornblende,  has  already  been  sometimes,  noticed."  Almost  at 
the  same  time  that  this  appeared,  Leopold  von  Buch  enters  more  into 
the  detail  of  the  subject  in  the  addenda  with  which,  in  1836,  he  so 
greatly  enriched  the  French  edition  of  his  work  on  the  Canary  Islands. 
The  volcanoes  Pichincha,  Cotopaxi,  Tungurahua,  and  Chimborazo,  are 
all  saXd  to  consist  of  andesite,  while  the  Mexican  volcanoes  were  called 
genuine  (sanidiniferous)  trachytes  {Description  physique  des  Ilea  Canaries^ 
1836,  pp.  486,  487,  490,  and  515).  This  lithological  classification  of  the 
volcanoes  of  the  Andes  and  those  of  Mexico  shows  that,  in  a  scientific 
point  of  view,  such  a  similarity  of  mineralogical  constitution  and  the 
possibility  of  a  general  denomination  derived  from  a  large  extent  of 
country,  cannot  be  thought  of.  A  year  later,  when  Leopold  von  Buch 
first  made  mention,  in  Poggendorjfs  AnndUn,  of  the  name  of  Andesite^ 
which  has  been  the  occasion  of  so  much  confusion,  I  committed  th« 
mistake  myself  of  making  use  of  it  on  two  occasions ; — once,  in  188&, 
in  the  account  of  my  attempt  to  ascend  Chimborazo,  in  Schumacher^! 
Jahrhuck,  1837,  s.  204,  205  (reprinted  in  my  Kleinere  Schriften^ 
Bd.  i,  s.  160, 161),  and  again,  in  1837,  in  the  treatise  on  the  high- 
land of  Quito  (in  Poggend.  Ann.,  Bd.  xl,  s.  165).  "  Becent  times  have 
taught  us,"  I  observed,  already  strongly  opposing  my  friend's  conjecture 
AS  to  the  similar  constitution  of  all  the  Andes-volcanoes,  **  that  the 
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more  profound  and  less  prejudiced  character  led  to  the  reoc^* 

different  zones  do  not  Always  present  the  same  (mmeralogioal)  oompoai^ 
turn,  or  the  same  component  pasrts.  Bometimes  we  find  trachytes, 
properly  so  called,  characterised  by  the  glassy  felspar,  as  at  the  Peak 
of  Teneriffe  and  in  the  Biebengebirge  near  Bonn,  where  a  little  albite  is 
•SBOckited  with  the  felspar,  —  felspathie  trachytes,  which,  as  active 
▼oloanoes,  exhibit  abuiulance  of  obsidian  and  pumice;  sometimes 
melaphyre,  and  doleritic  mixtures  of  labradorite  and  augite,  more 
nearly  resembling  tiie  basalt  formation,  as  at  Etna,  Stromboli,  and 
ChimboFazo;  sometimes  albite  with  hornblende  prerails,  as  in  the 
lately  so'called  andesites  of  Chili  and  the  splendid  columns,  described 
as  dioritioporphyry,  at  Pisoje  near  Popayan,  at  the  foot  of  the  volcano 
of  Porac^  or  in  the  Mexican  volcano  of  Jorullo ;  finally,  they  are  some- 
times leueite-ophyrs,  a  mixture  of  leueiteand  augite,  as  in  the  -Bomma^ 
the  ancient  a'iJl  of  the  crater  of  elevation  of  Vesuvius/'  By  an  acci- 
dental misinterpretation  of  this  passage,  which  shows  many  traces  of 
tiie  then  imperfect  state  of  geological  knowledge  (felspar  being  stall 
ascribed  to  the  Peak  of  Teneriffe  instead  of  oligoclase,  labradorite  to 
Chimborazo,  and  albite  to  the  volcano  of  Toluca),  that  talented  investi- 
gator Abich,  who  is  both  a  chemist  and  a  geologist,  has  erroneously 
attributed  to  myself  the  invention  of  the  term  andesite  as  applied  to  a 
trachytic,  widely'dispersed  rock,  rich  in  albite  {Poggend.  Ann,, 
Bd.  h,  1840,  s.  528),  and  has  given  the  name  of  andesme  to  a  new 
species  of  felspar,  first  analysed  by  him,  but  still  somewhat  enigmad^ 
cal  in  its  nature,  **  with  reference  to  the  mineral  (from  Marmato,  near 
Popayan)  in  which  it  was  first  observed/'  The  andesine  (pseudo-albite 
in  andesite)  is-supposed  to  occupy  a  middle  position  between  labradorite 
and  oligodase ;  at  the  temperature  of  55*^.7  its  specific  gravity  is  2.788, 
while  that  of  the  andesite  in  which  the  andesine  occurred  is  3.598. 
Guatav  Rose  doubts,  as  did  subsequently  Charles  Deville  {Etudes  de 
Idthologie,  p.  80),  the  individuality  of  andesine,  as  it  rests  only  on  a 
single  analysis  of  Abich,  and  because  the  analysis  of  the  felspathie 
ingredient  in  the  beautiful  dioritio-porphyry  of  Pisoje  near  Popayan, 
brought  by  me  from  South  America,  which  was  performed  by  Francis 
(Poggend.,  Bd.  IH,  1841,  s.  472)  in  the  laboratory  of  Heinrieh  Rose^ 
while  it  certainly  shows  a  great  resemblance  to  ^e  andesine  of  Mar- 
mato, as  analysed  by  Abich,  is,  notwithstanding,  of  a  different  com- 
position. Still  more  uncertain  is  the  andesine  in  the  syenite  of 
the  Yosges  (from  the  BaUon  de  Bervance,  and  Coravillers,  whidi  Ddene 
has  analysed).  Compare  G.  Rose,  in  the  already  often-cited  Zeitgckrifi 
der  Deutsehen  geohgischen  GtteUtehMft,  Bd.  i,  for  the  year  1849,  s.  869» 
It  is  not  imimportant  to  remark  here  that  the  name  andesine,  intro- 
duced by  Abich  as  that  of  a  simple  mineral,  appears  for  the  first  time 
in  his  valuable  treatise  entitled,  JBeiti'ag  zur  Zenntnies  dea  FeldtpathM 
(in  Poggend.  Ann.,  Bd.  I,  s.  125,  841,  Bd.  li,  s.  519),  in  tiie  year 
1840,  which  is  at  least  five  years  after  Uie  adoption  of  the  name  ande- 
site, instead  of  being  prior  to  the  designation  of  the  mineral  from  which 
it  is  taken,  as  has  been  sometimes  erroneously  supposed.  In  the  fbrma** 
tions  of  Chili  which  Darwin  so  frequently   calls    andesitic  granite^ 
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mtkm  of  the  tracbytic  albites  as  oligoclase.^  Gustay  Eose 
has  come  to  the  general  conclusion  that  it  is  rery  doubtful 
whether  albite  occurs  at  all  among  the  minerals  as  a  real  and 
essential  element  of  commixture ;  consequently,  according  to 
the  old  conception  of  andesite,  this  mineral  would  actually 
be  wanting  in  the  chain  of  the  Andes. 

The  mineralogical  condition  of  the  trachytes  is  impet^Electly 
recognised  if  the  porphyritically  enclosed  crystals  cannot  be 
separately  examined  and  measured,  in  which  case,  the  in*- 
vestigator  must  have  recourse  to  the  numerical  proporticnu 
of  the  earths,  alkalies  and  metaUic  oxides,  which  the  result 
of  the  analysis  furnishes,  as  well  as  to  the  specific  gravity  of 

ftnd  andesitac  porphry  rich  in  albite  {Oeological  OhtervatwM  on  8<m^ 
America,  1846,  p.  174),  oligodase  may  also  yery  likely  be  obtained. 
Gustav  Rose,  whose  treatise  on  the  nomenclature  of  the  minerals  allied 
to  greenstone  and  greenstone-porphyry  (in  Poggendorff*8  Ann.,  Bd. 
zxziy,  s.  1 — SO)  appeared  in  the  same  year,  1835,  in  which  Leopold  von 
Buch  employed  the  name  ofandesite,  has  not,  either  in  the  treatise  just 
mentioned,  or  in  any  later  work,  made  use  of  this  term,  the  true  defini- 
tion of  which  is,  not  albite  with  hornblende,  but  in  the  Cordilleras  of 
South  America,  oligoclase  with  augite.  The  now  obsolete  account  of 
the  designation  of  andesite,  of  which  I  have  perhaps  treated  too  cir- 
cumstantially, helps  to  show,  like  many  other  examples  in  the  history 
of  the  development  of  our  physioal  knowledge,  that  erroneous  or 
insufficiently  grounded  conjectures  (as,  for  instance,  the  tendency  to 
enumerate  varieties  as  species)  frequently  turn  out  advantageous  to 
science,  by  inducing  more  exact  observations. 

^  So  early  as  1840,  Abich  described  oligoclase-trachyte  from  the 
summit-rock  of  the  Kasbegk  and  a  part  of  the  Ararat  {Uiber  die  Natwr 
wnd  die  Zuaammensetnmg  der  Vuueaii'Bildtmgen,  s.  46),  and  even  hi 
1835,  Gustav  Rose  had  the  foresight  to  say  that  thotigh  ''he  had  not 
hitherto  in  his  definitions  taken  notice  of  oligoclase  and  perioline,  yeb 
that  they  probably  also  occur  as  ingredients  of  admixture."  The  belief 
formerly  so  generally  entertained  that  a  decided  preponderance  6f 
augite  or  of  hornblende  might  be  taken  to  denote  a  distinct  species  of 
the  felspar  funily,  such  as  glassy  orthoclase  (sanidine),  labradorite  or 
oligoclase,  appears  to  be  very  much  fhaken  by  a  comparison  of  ihio 
trachytes  of  the  Chimborazo  and  Toluca  rocks,  belonging  to  the  fourth 
and  third  division.  In  the  basalt-formation,  hornblende  and  augite 
often  occur  in  equal  abundance,  which  is  by  no  means  the  case  in  the 
trachytes;  but  I  have  met  with  augite  crystals,  quite  isolated,  in 
Toluca  rock,  and  a  few  hornblende  crystals  in  portions  of  the  Chim- 
borazo, Pichincha,  Purac^,  and  Teneriffe  rocks.  Olivines,  which  are  so 
very  rarely  absent  in  the  basalts,  are  as  great  a  rarity  in  trachytes  as 
they  are  in  phonolites ;  yet  we  sometimes  find,  in  certain  lava-sireatns, 
olivines  formed  in  great  abundance  by  the  side  of  augites.    Mica  is  on  the 
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the  Beemingly  amorplious  mass  to  be  analysed.  The  result 
is  obtained  in  a  more  conyincing  and  more  certain  manner 
if  the  principal  mass,  as  well  as  the  chief  elements  of  the 
mixture,  can  be  singly  inyestigated  both  mineralogically  and 
chemically.  This  is  the  case  with  the  trachytes  of  the  Peak 
of  Teneriffe  and  those  of  Etna.  The  supposition  that  the 
principal  mass  consists  of  the  same  small,  inseparable,  com- 
ponent parts  which  we  recognise  in  the  large  crystals  appears 
to  be  by  no  means  well  grounded,  for,  as  we  have  already 
noticed,  as  shown  in  Charles  Deville's  work,  the  apparently 
amorphous  principal  mass  generally  famishes  more  sUidc 
acid  than  would  be  expected  from  the  nature  of  the  felspar 
and  the  other  visible  commixed  elements.  Among  the 
leucite-ophyrs,  as  Gustav  Bose  observes,  a  striking  contrast  is 
exhibited,  even  in  the  specific  difference  of  the  prevailing 
alkalies  (of  the  potash  containing  interspersed  leucites)  and 
the  almost  exclusively  natroniferous  principal  mass.** 

But  along  with  these  associations  of  augite  with  oligoclaEe, 
augite  with  labradorite,  and  hornblende  with  oligoclase,  which 
are  referred  to  in  our  classification  of  the  trachytes,  and  which 
especially  characterise  them,  there  exist  likewise  in  each  vol- 

whole  very  uoiisual  in  basalt,  and  yet  some  of  the  basaltic  summits  of 
the  Bohemian  central  mountains,  first  described  by  lleuss,  Freiesleben, 
and  myself,  contain  plenty  of  it.  The  unusual  isolation  of  certain 
mineral  bodies,  and  the  causes  of  their  legitimate  specific  association, 
probably  depend  on  many  still  undiscovered  causes  of  pressure,  tempe- 
ratiu'e,  fluidity,  and  rapidity  in  cooling.  The  specific  differences  of  the 
association  are,  however,  of  great  importance,  both  in  the  mixed  rocks 
and  in  the  masses  of  mineral  veins ;  and  in  geological  descriptions,  noted 
down  in  the  open  air,  in  sight  of  the  object  described,  the  observer 
should  be  careful  not  to  make  any  mistake  as  to  what  may  be  a  prevail- 
ing, or  at  least  a  rarely  absent  member  of  the  association,  and  what 
may  be  sparingly  or  only  accidentally  combined.  The  diversity  which 
prevails  in  the  elements  of  a  mixture, — for  instance,  in  the  trachytes, — 
is  repeated,  as  I  have  already  noticed,  in  the  rocks  themselves.  In  both 
continents  there  exist  large  tracts  of  country  in  which  trachyte  forma- 
tions and  basalt  formations  as  it  were  repel  each  other,  as  basalts  and 
phonolites;  and  there  are  other  countries  in  which  trachytes  and 
basalts  alternate  with  each  other  in  tolerably  close  proximity  (see 
QustAv  Jenzsch,  Monographic  der  bUhmiachen  Phonolithe,  1856,  s. 
1-7). 
^  See  Bischof,    Chemiache   und    physihalische    Geologic,    Bd.     ii, 

1851,  s.  2288,  2297;  Roth,  Monographic  dc$  Vesuvt,  1857,  s. 
805. 


TRUE  VOLCANOES.  473 

cano  other  easily  reeognisable^  unessential  elements  of  com- 
mixture,  whose  presence  in  large  quantities  or  total  abseaoe 
in  different  volcanoes,  often  situated  very  near  to  each  other, 
is  very  striking.  Their  occurrence,  either  in  frequent  abun- 
dance, or  else  at  long  and  separate  intervals,  depends  probably 
in  one  and  the  same  natural  laboratory  on  various  conditions 
of  the  depth  from  which  the  matter  originally  came,  the  tem- 
perature, the  pressure,  the  fluidity,  or  the  quicker  or  slower 
process  of  cooling.  The  fact  of  the  specific  occurrence  or  the 
absence  of  certain  ingredients  is  opposed  to  certain  theories, 
such  as  the  derivation  of  pumice  from  glassy  felspar  or 
^m  obsidian.  These  views,  which  have  not  been  altogether 
lately  adopted,  but  originated  as  early  as  the  end  of  the  l8th 
century  from  a  comparison  of  the  trachytes  of  Hungary  and 
of  Teneriffe,  engaged  my  attention  for  several  years  in  Mexico 
and  the  Cordilleras,  as  my  journals  will  testify.  From  the- 
great  advancement  which  lithology  has  undeniably  made  in 
modem  times,  the  more  imperfect  definitions  of  the  mineral 
species  made  by  me  during  my  journey  have,  through  Gustav 
Kose's  careful  mineralogical  elaboration  of  my  collections, 
been  improved  and  accurately  certified. 

Mica. 
Black  or  dark-green  magnesian  mica  is  very  abundant  in 
the  trachytes  of  the  Ootopaxi,  at  an  elevation  of  14,470  feet 
between  Suniguaicu  and  Quelendana,  as  also  in  the  subter- 
ranean pumice-beds  of  Guapulo  and  Zumbalica  at  the  foot 
of  Cotopaxi,*  but  16  miles  distant  from  the  same.  The 
trachytes  of  the  volcano  of  Toluca  are  likewise  rich  in  mag- 
nesian mica,  which  is  wanting  in  the  Ohimborazo.^  In  the 
Continent  of  Euroj)e  micas  have  shown  themselves  in  abun- 
dance :  at  Vesuvius  (for  example  in  the  eruptions  of  1821— 
1823,  according  to  Monticelli  and  Covelli) ;  in  the  Eifel  in 
the  old  volcanic  Bombs  of  the  Lacher  Lake ;  ^  in  the  basalt 

®  CosmoSf  Bde  above,  p.  343. 

*^  It  is  almost  superfluous  to  mentiou  that  the  term  wanting  signifies 
only  that,  in  the  investigation  of  a  not  inconsiderable  portion  of  vol- 
canoes of  large  extent,  a  particular  sort  of  mineral  has  hitherto  been 
vainly  sought  for.  I  wish  to  distinguish  between  what  is  wanting  (not 
being  found),  being  of  very  rare  admixture,  and  what,  though  more 
abundant,  is  still  not  normally  characteristic. 

**  Carl  von  Oeynhausen,  Erkl  der  geogn.  Karte  des  Lacher  Seet.  1847, 
a.  38. 
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of  the  Meronitz,  of  the  marly  SLausawer  Mountain  and  esj^^ 
oially  of  the  Gamayer  Bonunit*^  of  the  central  Bohemun^ 
chain ;  more  rarely  in  the  phonolite^**  as  well  as  in  the  d<de^ 
rite  of  the  Elaiaerstuhl  near  Ereibuig.  It  is  remarkable 
that  in  the  trachytes  and  lavas  of  both  continents  not  only 
no  white  (chiefly  <bi-«xal)  potash*mica  is  observable,  but 
that  it  is  entirely  dark-coloured  (chi^y  uni-axal)  magnesian* 
mica,  and  that  this  exertional  ocoirrence  of  the  magnesia- 
mica  is  extended  to  many  other  rocks  of  eruption  and  {An- 
tonio rocks,  such  as  basalt,  phonoHte,  syenite,  syenitic- 
^te,  and  eyen  granitite,  while  the  granite  proper  contains 
at  one  and  the  same  time,  white  alkaline-mica  and  black  or 
brown  magnesia-mica.^ 

Glassy  Felspar. 

This  kind  of  felspar,  which  plays  so  important  a  part 
in  the  action  of  European  volcanoes ;  in  the  trachytes  of 
the  first  and  second  division  (for  example,  on  Ischia,  in  the 
Phlegrsean  Fields,  or  the  Siebengebirge  near  Bonn),  is  proba- 
bly entirely  wanting  in  the  New  Continent,  in  the  trachytes 
of  active  volcanoes.  This  circumstance  is  the  more  striking 
as  sanidine  (glassy  felspar)  belongs  essentially  to  the  argen- 
tiferous, non-quartzose  Mexican  porphyries  of  Moran,  Pa- 
chuca,  Yillalpando  and  Acaquisotla,  the  flrst  of  which  are 
connected  with  the  obsidians  of  Jacal^ 

•^  See  the  Bergmcbmisches  Jowmalt  von  Kohler  \md  Hotinann,  5ter 
Jahigang,  Bd.  i^  1792,  s.  244,  251,  265.  Basalt  rich  in  mica,  as  on 
the  Gamayer  summit  in  the  Bohemian  centre  mountains,  isanuity.  1 
visited  this  part  of  the  Bohemian  central  range  in  the  summer  of  1792, 
in  company  with  Carl  Freiesleben,  afterwards  my  companion  in  my 
Swiss  tour,  who  has  exercised  so  great  an  influence  over  my  geologiosa. 
and  mining  education.  Bischof  doubts  all  production  of  mica  by  the 
igneous  method,  and  considers  it  a  metamorphio  product  by  the  moist 
method.  See  his  Lehrfyaok  der  chem,  vmd  phymlcaL  Geol^gie,  Bd. .  ii, 
B.  1426,  1439.  .  .         .         • 

^  Jenzsch,  Bdtrdge  zv/r  Ken/ntnias  det*  Phonolithe,  in  der  Zeitschrift  der 
Deutsche^  Geologisdken  Geaellschaft,  Bd.  viii,  1856,  s.  36. 

•*  Gustav  Rose,  Ueberdie  zibr  Gramtgritppe  gehSrigen  Gebirgsarten, 
in  deredben  Zeitschrift,  Bd.  i,  1849,  s.  359.  ' 

^  The  porphyries  of  Moran,  Real  del  Monte  and  Regla  (the  latter 
celebrated  for  the  rich  silver  mines  of  the  Yeta  Biscayna,  and 
the  vicinity  of  the  obsidians  and  pearlstones  of  the  Cerro  del  Jacal 
and  the  Messerberg,  Cerro  de  las  Navajas),  like  almost  all  the  metal* 
liferous  porphyries^  of  America,  are  quite  destitute  of  quartz  (on 
these  and  other  analogous  phenomena  in  Hungary,  see  Humboldt,' 
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HOROTLENDE  AND  AUQITE. 

In  this  account  of  the  cbexacteristics  of  six  different  divi^ 
sions  of  the  trachytes,  it  has  been  already  observed  how  the 
same  minerals  which  occur  as  essential  elements  of  commix- 
ture (for  exiample,  hornblende  in  the  third  division,  or  the 
Toluca  rock),  appear  in  other  divisions  in  a  separate  or  spo^ 
radic  condition  (as  in  the  fourth  and  fifth  divisions,  in  the 
rock  of  Pichincha  and  of  Etna).     I  have  found  hornblende, 

Bssai  gSognoatique  iwr  U  GisemaU  des  Roches,  pp.  179  — 188  and 
190 — 193).  The  porphyries  of  Acaquisotla,  however,  on  the  road 
from  Acapulco  to  Chilpansdngo,  as  well  as  those  of  Villalpando  to 
the  North  x)f  Guanaxuato,  whioh  are  penetrated  by  aariferous  veins^ 
along  with  the  sanidine  contain  also^'uins  of  brownish  quartz.*^ 
The  small  inclosures  of  grains  of  obsidian  and  glasfy  felspar  beings 
on  the  whole  rare  in  the  volcanic  rocks  at  the  Cerro  de  las  Navaja^^ 
and  in  the  Valle  de  Santiago,  so  rich  in  basalt  and  pear]-«tone^ 
which  is  traversed  in  going  from  Valladolid  to  ihe  volcano  of  Jorullo^ 
I  was  the  more  astonished  at  finding  at  Capula  and  Pazcnaro,  and 
especially  near  Yurisapundaro,  all  the  ant-hilLs  filled  with  beautifully 
shining  grains  of  obsidian  and  sanidine.  This  was  in  the  month  of 
September,  1803  {Nivellement  haromUr,  p.  327,  No.  366,  and  Essai 
gSognost,  swr  le  Gisement  des  Roches,  p.  356).  I  was  amazed  that  such 
«nall  insects  should  be  able  to  drag  Uie  minerals  to  such  a  distance. 
It  has  given  me  great  pleasure  to  find  that  an  active  investigator,  lUL 
Jules  Marcou,  has  observed  something  exactly  similar.  "  There  exists/*^ 
he  says,  "  on  the  high  plateaux  of  the  Rocky  Mountains,  and  particu* 
larly  in  the  neighbourhood  of  Fort  Defiance  (to  the  west  of  Mount 
Taylor),  a  species  of  ant  which,  instead  of  using  fragments  of  wood 
and  vegetable  remains  for  the  purpose  of  building  its  dwelling,  employe 
only  small  stones  of  the  size  of  a  grain  of  maize.  Its  instinct  leads  it 
to  select  the  most  brilliant  fragments  of  stones,  and  thus  the  ant-hill 
is  frequently  filled  with  magnificent  transparent  garnets  and  very  pure 
grains  of  quartz/'  (Jules  Marcou,  RisuTnS  explicatif  d^wne  Ccarte  giogtu 
des  Mats-wiis,  1855,  p.  3.) 

Qlassy  felspar  is  very  rare  in  the  present  lavas  of  Yesuvius,  bat 
this  is  not  the  case  in  the  old  lavas,  for  instance  in  those  of  the  eruption 
of  1631,  where  it  occurs  along  with  crystals  of  leucite.  Sanidine  is. 
also  found  in  abundance  in  the  Arso  lava-stream,  from  Cremate  towards 
Ischia,  of  the  year  1301,  without  any  leucite ;  but  this  must  not  be  con- 
founded with  the  older  stream,  described  by  Strabo^  near  Montag- 
none  and  Rotaro  {Cosmos,  see  above,  pp.  265,  427).  Glassy  fel- 
spar is  not  only  rare  in  the  trachytes  of  Cotopaxi  and  other  vol- 
canoes of  the  Cordilleras  generally,  but  is  equally  so  in  the  subterranean 
pumice-quarries  at  the  foot  of  the  Cotopaxi  What  was  formerly  de- 
scribed as  sanidine  are  crystals  of  oligoclase. 
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ihongh  not  in  large  quantities,  in  the  trachytes  of  the  vol- 
canoes of  Cotopaxi,  Rucu-Pichinclia,  Tungurahua  and  Anti- 
Sana,  along  with  augite  and  oligoclase,  but  scarcely  ever  along 
with  these  two  minerals  on  the  slope  of  the  Chimborazo  up 
to  a  height  of  more  than  19,000  feet.  Among  the  many  speci- 
mens which  I  brought  from  Chimborazo,  hornblende  is  recog- 
nized only  in  two,  and  even  then  in  small  quantity.  In  the 
eruptions  of  Vesuvius  in  the  years  1822  and  1850,  augite 
«.nd  crystals  of  hornblende  (these  nearly  9  Parisian  lines  in 
length)  were  contemporaneoTisly  formed  by  exhalations  of 
vapours  on  fissures.**  The  hornblende  of  Etna,  as  Sar tonus  von 
Waltershausen  observes,  belongs  especially  to  the  older  lavas. 
That  remarkable  mineral,  so  widely  diffused  in  Western  Asia 
And  at  several  points  of  Europe,  which  Gustav  Rose  has  de- 
nominated XJralite,  being  allied  in  structure  and  crystalline 
form  to  hornblende  and  augite,*  I  here  once  more  gladly 
point  attention  to  the  first  occurrence  of  uralite  crystals  in 
the  New  Continent ; — ^they  were  recognised  by  Rose  in  a 
piece  of  trachyte  which  I  abstracted  from  the  slope  of  the 
Tungurahua,  3200  feet  below  the  summit. 

Leucite. 

Leucites,  which  in  Europe  belong  exclusively  to  Vesuvius, 
the  Rocca  Monfina,  the  Albanian  Mountains  near  Rome,  the 
Kaiserstuhl  in  the  Breisgau,  and  the  Eifel  (in  the  western 
environs  of  the  Lachar  Lake  in  blocks,  and  not  in  the  con- 
tiguous rock,  as  in  the  Burgberge  near  Rieden),  have  never 
yet  been  found  in  volcanic  rocks  of  the  New  Continent,  or 
the  Asiatic  portion  of  the  old.  Leopold  von  Buch  discovered 
them  round  an  augite-crystal  as  early  as  the  year  1798,  and 
described  in  an  admirable  treatise  their  frequent  forma^ 
tion.*^  The  augite-crystal  round  which,  according  to  this 
great  geologist,  the  leucite  is  formed,  is  seldom  wanting,  but 
appears  to  me  to  be  sometimes  replaced  by  a  small  grain  or 
morsel  of  trachyte.  The  unequal  degrees  of  fusibility,  be- 
tween the  grain  of  trachyte  and  the  surrounding  mass  of 

« 

•*  Both,  Monoffraphie  des  Veauva.  s.  267,  382. 

^  See  above,  note  82 ;  Rose,  Reisff  nach  dem  Ural,,  Bd.  ii,  s.  369 ; 
Biechof,  Chem,  wnd  Physik.  Geologie,  Bd.  ii,  s.  628—571. 

•7  Gilbert's  Anncden  der  Phyaik,  Bd.  vi,  1800,  s.  53;  — Biachof, 
Cteologie,  Bd.  U,  b.  2265—2303. 
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leucite  raise  some  chemical  difficulties  to  the  explanation  of 
the  mode  in  which  the  integumental  coyering  is  formed. 
Leucites,  partly  detached,  ace  ording  to  Scaccm,  and  partly 
mixed  with  lava,  were  extremely  ahnndant  in  the  recent 
eruptions  of  Vesuvius  in  1822,  1828,  1832,  1845  and  1847. 

Olivikb. 

Olivine  being  very  abundant  in  the  old  lavas  of  Vesuvius* 
(especially  in  the  leucite-ophyrs  of  the  Somma)  in  the  Arso  of 
Ischia,  in  the  eruption  of  1301,  mixed  with  glassy  felspar, 
brown  mica,  green  augite  and  magnetic  iron,  in  the  volcanoes 
of  the  Eifel  which  emit  lava-streams  (for  example,  in  the 
Mosenberge  westward  of  Manderscheid),''  and  in  the  south- 
eastern portion  of  Teneriffe  in  the  lava-eruption  of  Guimar 
in  the  year  1704,  I  have  also  searched  for  it  very  diL'gently, 
but  in  vain,  in  the  trachytes  of  the  volcanoes  of  Mexico, 
New  Granaxla  and  Quito.  Our  Berlin  collections  contain 
sixty-eight  specimens  of  trachyte  of  the  four  volcanoes^  Tun- 
gurahua^  Antisana,  Chimborazo  and  Pichincha  aloufi,  48  of 

^  The  recent  layas  of  Vesuvius  contain  neither  oliyine,  nor  glassy 
felspar;  Koth.  Hon.  des  Veswoi,  s.  139.  According  to  Leopold  von 
Bnch,  the  lava-stream  of  the  Peak  of  Teneriffe  of  1704,  described  by 
Yiera  and  Qlas,  is  the  only  one  which  contains  olivine  {Descr.  des  Ileg 
CanarieSf  p.  207).  The  supposition  that  the  eruption  of  1704  was  the 
first  which  had  taken  place  since  the  conquest  of  the  Canary  Islands 
at  the  end  of  the  16th  Century,  has  been  shown  by  me  in  another 
place  {Examen Critique  deVHUtoirt de  la  Giographie, t.iii,  pp.  143 — 146) 
to  be  erroneous.  Columbus  saw  the  eruption  of  fire  on  Teneriffe,  at 
the  time  of  his  first  voyage  of  discovery,  on  the  nights  from  the  21st  to 
the  26th  August,  when  he  went  in  search  of  Bo&a  Beatriz  de  Bobadilla^ 
on  the  Gran  Canada.  It  is  thus  noticed  in  the  Admiral's  journal, 
under  the  Rubric  of  "  Jueves,  9  de  Agosto,"  which  contains  notices  up 
to  the  2d  September, — "  Vieron  salir  gran  fuego  de  la  Sierra  de  la 
Isla  de  Tenerife,  que  es  muy  alta  en  gran  manera,** — **  they  saw  a  great 
deal  of  fire  rising  with  a  grand  appearance  out  of  the  mountain  of  the 
Island  of  Teneriffe,  which  is  very  high  j"  Navarrete,  Col  de  los  Viaget 
de  los  EspaHoles,  t.  i,  p.  5.  The  lady  above  named  must  not  be 
confounded  with  Dofia  Beatriz  Henriquez  of  Cordova, — ^the  mother  of 
his  illegitimate  son,  the  learned  Don  Fernando  Colon,  the  historian^  of 
his  father, — whose  pregnancy  in  the  year  1488  so  materially  contributed 
to  detain  Columbus  in  Spain,  and  to  lead  to  the  discoveiy  of  the  New 
World  being  made  on  account  of  Castille  and  Leon,  and  not  for  Portu- 
gal, France,  or  England  (see  my  Examen  Critique,  t.  iii,  pp.  360 
and  367). 

^  Cosmo\  see  above,  p.  232. 
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'were  contributed  by  me  and  20  by  Bouiungsinlt.^^ 
In  the  basali  formations  of  the  New  World,  olivine  along 
ipith  augite  is  as  abundant  as  in  Europe ;  but  the  black,  ba- 
saltie  traohylfe  of  Tana  Urou,  near  Calpi  at  the  foot  of  the 
Ohiniborazo/  as  well  as  those  enigmatical  trachytes  called  la 
reventazon  del  volcan  de  Anzcmgo^  contain  no  olivine.  It  was 
only  in  the  great,  brown-black  lava-stream,  with  a  crisp, 
aooiiaceous  sur£EM»  raised  like  a  cauliflower,  whose  track 
we  followed  in  order  to  reach  the  crater  of  the  volcano  of 
Jorullo,  that  we  met  with  small  grains  of  olivine  imbedded.' 
The  prevailing  scarcity  of  olivine  in  the  modern  lava<)  and 
the  greater  part  of  the  trachytes  seems  less  striking  when  we 
xeoollect  th»b,  essential  as  olivine  appears  to  be  for  basalt  in 
general,  yet  (according  to  Krug  von  Nidda  and  Sartoriua 
von  Waltershausen)  in  Iceland  and  in  the  German  Ehone 
Mountains  the  basalt  destitute  of  olivine  is  not  distingui&h? 
able  from  that  which  abounds  in  it.  The  former  it  has  been 
the  custom  from  the  earliest  times  to  call  trc^  and  waeke,  the 
latter  we  have  in  modern  times  denominated  Anemasite} 
Olivines,  which  sometimes  occur  as  large  as  a  man's  head  in 
the  basalts  of  Rentidres  in  the  Auvergne,  attain  also  in  the 
TJnkler  quarries,  which  were  the  object  of  my  first  youthful 
researches  to  the  size  of  6  inches  in  diameter.  The  beautiful 
hypersthene  rock  of  Elfdalen  in  Sweden,  much  employed 

^*  A  considerable  portion  of  the  minerals  collected  during  my  Ame- 
rican Expedition,  has  been  sent  to  the  Spanish  Mineral  Cabinet,  to  the 
King  of  Etruria,  to  England  and  to  France.  I  do  not  refer  to  the  geologi- 
ealand  botanical  collections  which  my  worthy  friend  and  fellow-labourer 
BcHipland  possesses,  with  the  twofold  right  of  self-collection  and  self- 
discoTery.  This  extensive  dispersion  of  the  materials,  (which,  from  the 
very  exact  account  given  of  the  places  in  which  they  originated,  does 
not  prevent  the  maintenance  of  the  groups  in  their  geographical  rela* 
tiMM,)  has  this  advantage  that  it  facilitates  the  most  comprehensive  and 
exact  definition  of  those  minerals  whose  substantial  and  habitual  asso- 
dtttion  characterises  the  different  kinds  of  rocks. 

*  Humboldt,-  Kleinere  Schriften,  Bd.  i,  s.  139. 
3  Ibid  J  8.  202,  and  Cosmos,  see  alx've,  p.  292. 

'  Humboldt,  KL  Schr.  vol.  i,  p.  344.  I  have  also  found  a  great  deal 
of  olivine  in  the  Tezontle  (cellular  lava,  or  basaltic  amygdaloid  ? — ^in 
Hexican,  tetzontli,  t.e.,  stone-hair,  from  tetl,  stone,  and  tzontU,  hair) 
belonging  to  the  Cerro  de  Axusco  in  Mexico. 

*  Sartoriua  von  Wa^tershausen,  Physisch-ffeograpMscke  Skisae  von 
Island,  B.  64. 
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for  omameatal  purposes,"^  a  granulated  mixtmre  of  liypezh 
Bthene  and  labradorite^  which  Berzelius  has  .descrihed  as  &j&- 
nite^  likewise  contauis  olivine,"  as  doea  also  (thou^-  mon 
rarely)  the  phonolite  of  the  JPie  de  Qriouy  in.  the  CantaL* 
While,  according  to  Stromeyer,  nickel  is  a  very  constsuat  ac* 
companiment  of  olivine,  Bumler  has  on  the  others  hand 
discovered  arsenic  in  it,^  a  metal  which  has  been  found  in  the 
most  recent  times  widely  diffused  in  so  many  mineiral  springs, 
and  even  in  sea-water.  The  occurrence  of  olivine  in  meteoric 
stones^  and  in  artificial  scorise,  as  investigated  by  Se&troior,' 
I  have  already  mentioned. 

Obsidian. 

As  early  as  in  the  spring  and  simimer  of  1799,  while  I  was 
preparing  in  Spain  for  my  voyage  to  the  Canary  Isles,  there 
prevailed  generally  among  the  mineralogists  in  Madrid,— 
Hergen,  Don  Jos6  Clavijo,  and  others, — the  opinion  that 
pumice  was  entirely  derived  from  obsidian.  l3us  opinion 
had  been  founded  on  the  study  of  some  fine  geologieal 
collections  from  the  Peak  of  Teneriffe,  and  a  comparison  of 
them  with  the  phenomena  which  Hungary  famishes,  although 
the  latter  were  at  that  time  explained  chiefiy  in  accordance 
with  the  Neptimian  views  of  the  Freiberg  school.  Doubts 
of  the  correctness  of  this  theory  of  formation,  awakened  at  an 
early  period  in  my  mind  by  my  observations  in  the  Canary 
I.^les,  the  Cordilleras  of  Quito,  and  in  the  range  of  Mexican 
volcanoes,^®  impelled  me  to  direct  my  most  earnest  attention 

[*  It  is  there  cut  into  vases,  sometimes  of  a  considerable  size,  and 
other  ornamental  objects.  From  the  high  polish  it  takes,  and  the 
contrast  of  its  colours,  it  is  one  of  the  most  beautiful  stones  in 
eustenee. — -Tr.] 

^  BerzeliuE>,  SechAter  Jahresberichti \%27 ,  p.  392;  Gustav  Bose^.m 
Poggend.  Ann.  voL  xxxiv,  1835,  p.  14  (Cosmjos,  voL  i,  p.  464). 

*  Jenzsch,  Phonolithe,  1856,  p.  37,  and  Senft,  in  his  important  work, 
Classification  der  Felsarten,  1857,  p.  187.  According  to  Scacchi  olivine 
occurs  also,  along  with  mica  and  augite,  in  the  limerblocks  of  the 
Somma.  I  call  these  remarkable  masses  erupUd  blocks,  not  lavas,  for 
the  Somma  appears  never  to  have  ejected  the  latter. 

7  Poggend.  ^?ma/.  Bd.  xKx,  1840,  s.  5»1,  and  Bd.  Ixxrir,  s.  302'; 
Daubr^e  in  the  Awnaks  des  MineSf  4me  S^rie,  t.  six,  1851,  p.  669. 

8  Cosmos,  vol.  i,  p.  119,  and  vol.  iv,  p.  696. 
»  Ibid.  vol.  i,  p.  269,  note*. 

^  Bumboldt,  Personal  Narative,  vol.  i,  p.  113  (Bohn*s  Edition). 
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to  two  groups  of  flEtcts ; — firsts  the  different  nature  of  the  en-- 
closures  of  ohsidians  and  pumice  in  general,  and  secondly, 
the  frequency  of  the  association  or  entire  separation  of  them 
in  well  investigated,  active  Volcanic  structures.  My  journals 
are  filled  with  notices  on  this  subject,  and  the  specific  defi- 
nition of  the  imbedded  minerals  has  been  ascertained  by  the 
most  varied  and  most  recent  investigations  of  my  ever  ready 
and  obliging  friend,  Gustav  Rose. 

Both  glassy  felspar  and  oligoclase  occur  in  obsidian  as 
well  as  in  pumice,  and  frequently  both  of  them  together. 
As  examples  may  be  cited, — ^the  Mexican  obsidians  of  the 
Cerro  de  las  Navajas  on  the  eastern  slope  of  the  Jacal. 
collected  by  me, — ^those  of  Chico,  with  many  crystals  of 
mica, — those  of  Zimapan  to  the  S.  S.  Tv^.  of  the  capital  of 
Mexico,  mixed  with  small  distinct  crystals  of  quartz,  and  the 
pumice  of  the  Rio  Mayo  (on  the  mountain-road  from  Popayan 
to  Pasto)  as  well  as  those  of  the  extinct  volcano  of  Sorata^ 
near  Popayan.  The  subterranean  pumice  quarries  near 
Llactagunga^^  contain  a  large  quantity  of  mica,  oligoclase, 
and  (which  is  very  rare  in  pumice  and  obsidian),  hornblende 
also ;  the  latter,  however,  is  also  found  in  the  pumice  of  the 
volcano  of  Arequipa.  Common  felspar  (orthoclase)  never 
occurs  in  pumice  along  with  sanidine,  nor  is  augite  ever 
present.  The  Somma,  not  the  cone  of  Vesuvius  itself,  con- 
tains  pumice,  encloaing  earthy  masses  of  carbonate  of  lime. 
It  is  by  this  remarkable  variety  of  a  calcareous  pupiice  that 
Pompeii  was  overwhelmed."  Obsidians  are  rare  in  genuine 
lava-like  streams  ;  they  belong  almost  solely  to  the  Peak  of 
Teneriffe,  Lipari,  and  Volcano. 

Passing  now  to  the  association  of  obsidian  and  pumice  in 
one  and  the  same  volcano,  the  following  facts  appear. 
Pichincha  possesses  laige  pumice-fields  and  no  obsidian. 
Chimborazo,  like  Etna,  whose  trachytes^  however,  have  a 

"  See  above,  p.  342. 

^  Scacchi,  Osservazioni  critiche  iuUa  maniera  comefu  sepeUita  7antiea 
Pompei,  1843,  p.  10,  in  opposition  to  the  theory  proposed  by  Carmin* 
Lippi,  and  afterwards  shared  by  Tondi,  Tenore,  Pilla,  and  Dufr^noy, 
that  Pompeii  and  Herculanenni  were  not  overwhehned  by  rapiUi 
and  ashes  direct  from  the  8o1<ama,  but  that  they  were  conveyed 
there  by  water.  Koth,  MonoQ  :  da  Yuuvt,  1857,  s.  458,  see 
above,  p.  429. 
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totally  different  composition  (containing  labradorifce  instead 
of  oligoclase),  shows  neither  obsidian  nor  pumice ;  this  same 
deficiency  I  observed  on  my  ascent  of  the  Tungurahua.  The 
volcano  Purac6,  near  Popayan,  has  a  great  deal  of  obsidian 
mixed  in  its  trachytes,  but  has  never  yielded  any  pumice. 
The  immense  plains  out  of  which  rise  the  Ilinissa,  Carguai- 
razo,  and  Altar  are  covered  with  pumice.  The  subterranean 
pumice-quarries  near  Llactacunga,  as  well  as  those  of 
Huichapa  south-east  of  Queretaro;  and  the  accumulations 
of  pumice  at  the  Rio  Mayo,^^  those  near  Tschegem  in  the 
Caucasus,"  and  near  ToUo**  in  Chili,  at  a  distance  from  active 
volcanic  structures,  appear  to  me  to  belong  to  the  phenomena 
of  eruption  from  the  numerous  fissures  in  the  level  surface  (of 
the  earth.  Another  Chilian  volcano,  that  of  Antuco,"  ol 
which  Poppig  has  given  a  description  as  scientifically  impor- 
tant as  it  is  agreeably  written)  produces,  like  Vesuvius, 
ashes,  triturated  rapilli  (sand),  but  gives  out  no  pumice, 
no  vitrified  or  obsidian-like  mineral.  "Without  the  presence 
of  either  obsidian  or  glassy  felspar,  we  sometimes  meet  with 
pumice  in  trachytes  of  very  dissimilar  composition,  although 
in  many  cases  it  is  not  present.  Pumice,  as  Charles  Darwin 
observes,  is  entirely  wanting  in  those  of  the  Archipelago  of 
the  Galapagos.  We  have  already  remarked  in  another  place 
that  cones  of  cinders  are  wanting  in  the  mighty  volcano  of 
Mauna  Loa  in  the  Sandwich  Islands,  as  well  as  in  the  vol- 
canoes of  the  Eifel"  which  once  emitted  lava-streams. 
Though  the  island  of  Java  contains  a  series  of  more  than 
forty  volcanoes,  of  which  as  many  as  twenty-three  are  still 
active,  yet  Junghuhn  was  only  able  to  discover  two  points 
in  the  volcano  of  Gunung  Guntur,  near  Bandong  and  the 
great  Tengger  Mountains,"  in  which  masses  of  obsidian  have 
been  formed.     These  do  not  appear  to  have  given  occasion 

^'  Nivellement  BaronUirigue,  in  Humboldt,  Observat  Astron.,  voL  i, 
p.  SOS,  No.  149. 
*'  1*  See  above,  p.  345. 

^'  For  an  account  of  the  pumice-hill  of  Tollo,  at  a  distance  of  two 
days*  journey  from  the  active  volcano  of  Maypu,  which  haa  itself  never 
ejected  a  fragment  of  such  pumice,  see  Meyen,  Heiae  um  die  Erde, 
Th.  i,  8.  338  and  358. 

'•  Poppig,  Rme  in  Chile  und  Peru,  Bd.  i,  s.  426. 

*7  See  above,  p.  892,  and  notes,  pp.  320---8. 

"  Franz  Junghuhn,  Java,  Bd.  ii,  s.  388,  592. 
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to-  the  formation  of  pumice.  The  sand-lakes  of  Dasar, 
which  lie  about  6828  feet  above  the  mean  level  of  the  sea, 
are  not  covered  with  pnmice,  but  with  a  layer  of  rapilli, 
described  as  being  obsidian-like,  semi-vitrified  fragments  of 
basalt.  The  cone  of  Vesuvius,  which  never  emits  pumice, 
gave  out  from  the  24th  to  the  28th  October,  1822,  a  layer 
18  inches  thick  of  sand-like  ashes,  consisting  of  pulverised 
trachytic-rapilU,  which  has  never  been  mistaken  for  pumice. 
The  cavities  and  air-holes  of  obsidian  in  which  crystals  of 
oUvine,  probably  precipitated  from  vapouref,  have  formed,  as, 
for  example,  in  the  Mexican  Cerro  del  Jacal,  are  sometimes 
found  in  both  hemispheres  to  contain  another  kind  of  en- 
closures, which  seem  to  indicate  the  manner  of  their  origin 
and  formation.  In  the  wider  portions  of  these  long-extended, 
and  for  the  most  part  very  regularly  parallel  cavities,  irag- 
ments  of  half-decomposed  earthy  trachyte  are  found  embedded 
Beyond  these  the  cavity  runs  on  in  the  form  of  a  tail,  as  if  a 
gas-like  elastic  fluid  had  been  developed  by  volcanic  heat 
in  the  still  soft  mass.  This  phenomenon  particularly  attrac- 
ted the  attention  of  Leopold  von  Buch  when  he  visited  the 
Thomson  collection  of  minerals  at  Naples  in  company  with 
Gray-Lussac  and  myself  in  the  year  1805."  The  inflation  of 
obsidian  by  the  operation  of  fire,  which  did  not  escape  atten- 
tion in  the  early  period  of  Grecian  antiquity,^  is  certainly 
caused  by  some  such  development  of  gas.  According  to 
Abich,  obsidians  pass  the  more  easily  into  cellular  (not 
parallel-porous)  pumice,  the  poorer  they  are  in  ^cic  acid 
and  the  richer  they  are  in  alkalies.  It  remains,  however,  very 
uncertain,  according  to  Bammelsberg's  researches,^^  whether 
the  tumefjEU3tion  is  to  be  ascribed  to  the  volatilisation  of 
potash  or  hydrochloric  acid.  It  is  probable  that  similar 
phenomena  of  inflation  in  trachytes  rich  in  obsidian  and 
sanidinC;  in  porous  basalts  and  amygdaloids  in  pitch-stone, 
tourmaline,  and  that  dark-brown  flint  which  loses  its  colour, 
may  have  very  different  causes  in  the  different  materials 

^'  Leopold  von  Buch,  in  the  Abbandl.  der  AhadenUe  der  Wist,  ziu 
Berlin,  for  the  years  1812—1813  (Berlin,  1816),  s.  128. 

^  Theophraatua  de  lapidibus,  s.  14  and  15  {Opera  ed.  Sdineider,  t.  i,, 
1818,  p.  689,  t.  ii,  p.  426,  and  t.  iv,  p.  651),  says  this  of  the  "liparian 
stone"  (Kirrapalog).  . 

21  Rammelsberg,  in  P^ggend.  Annal.,  Bd.  Ixxz,  1850,  s.  464,  and  ^ 
fourth  supplement  to  his  ChemUche  JffandwSrterbwik,  s.  169 ;  compare  I 
also  Bisckof.  Geol,  Bd.  ii,  s.  2224,  2232,  2280.  1 
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themselves.  An  investigation  which  has  now  been  long 
looked  for  in  vain,  founded  on  accurate  experiments,  ex- 
clusively directed  to  these  escaping  gaseous  fluids,  would 
lead  to  an  invaluable  ext^ision  of  our  knowledge  of  the 
geology  of  volcanoes,  if  at  the  same  time  attention  were  paid 
to  the  operation  of  the  sea- water  in  subterranean  formations, 
and  to  the  great  quantity  of  carburetted  hydrogen  belonging 
to  the  commingled  organic  substances. 

The  facts  which  I  have  brought  together  at  the  end  of  this 
section,  the  enumeration  of  those  volcanoes  which  produce 
pumice  without  obsidian,  and  those  which  yield  a  great  deal 
of  obsidian  and  no  pumice, — the  remarkable,  not  constant, 
but  very  diversified  association  of  obsidian  and  pumice  with 
certain  other  minerals,  early  led  me,  during  my  residence  in 
the  Cordilleras  of  Quito,  to  the  conclusion  that  the  formation 
of  pumice  is  the  result  of  a  chemical  process,  which  may  be 
verified  in  trachytes  of  very  heterogeneous  composition, 
without  the  necessity  of  a  previous  intervention  of  obsidian 
(that  is  to  say,  without  its  pre-existence  in  large  masses). 
The  conditions  under  which  such  a  process  is  performed  on  a 
large  scale,  are  perhaps  founded  (I  would  here  repeat)  less  on 
the  diversity  of  the  material  than  on  the  gradation  of  heat, 
the  pressure  determined  by  the  depth,  the  fluidity,  and  the 
length  of  time  occupied  in  solidification  The  striking,  though 
rare,  phenomena  presented  by  the  isolation  of  immense  sub- 
terraneous pumice-quarries,  fer  from  any  volcanic  structures 
(conical  and  bell-shaped  mountains),  lead  me  at  the  same  time 
to  conjecture^  that  a  not  inconsiderable — perhaps  even,  in 
regard  to  volume — ^the  greater,  number  of  the  volcanic  rocks 
have  been  erupted,  not  from  upraised  volcanic  structures, 
but  from  a  net-work  of  fissures  on  the  surface  of  the  earth 
frequently  covering  over  in  the  form  of  strata  a  space  of  many 
square  miles.  To  these  probably  belong  those  masses  of 
trap  of  the  lower  silurian  formation  of  the  south-west  of 
England,  by  the  chronometric  determination  of  which  my 
worthy  friend,  Sir  Roderic  Murchison,  has  so  greatly  in- 
creased and  heightened  our  acquaintance  with  the  geological 
construction  of  the  globe. 

22  See  above,  pp.  308,  330  332—336,  344—346,  354.  For  particular* 
respectlDg  the  geographical  distribution  of  pumice  and  obsidian  in 
the  tropical  zone  of  the  Kew  Continent,  see  Humboldt,  Estai  GSognos- 
tique  sur  le  gisement  des  Rochet,  <fep.,  1823,  pp.  340—342,  and  344—347. 
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Abich  un  Tolcanic  phenomena  in 
Ghilan,  175;  his  views  on  the 
Caucasian  mountain  system,  209, 
360  ;  analj'sis  of  the  Chimborazo 
rock,  462. 

Aconcagua,  volcano  of,  measure- 
ment of,  288. 

Acosta  on  the  volcancitos  of  Tur- 
baco,  214. 

Adams,  Mount,  a  volcano,  417. 

^naria,  the  island  of  Apes,  265. 

^olus,  residence  of,  on  Strongjle, 
267. 

Africa,  determination  of  the  mag- 
netic equator  in,  by  Sabine,  103 ; 
its  translation,  106 ;  snowy 
mountains  in,  354;  volcanoes 
in,  354;  their  small  number, 
866. 

African  magnetic  node,  its  varying 
position,  103. 

Agaschagokh,  island  of,  871. 

Agreeable  odour  diffused  from 
certain  volcanoes,  229. 

Agua,  Volcan  de,  described,  276. 

Airy,  density  of  the  earth  deter- 
mined by,  vii;  on  terrestrial 
magnetism,  79. 

Alaid,  great  eruptions  of  the  vol- 
cano on  the  isle  of,  372. 

.Albite,  469. 

Aleutian  islands,  numerous  volca- 
noes in,  370. 

Alps,  temperature  of  springs  in 
the,  192. 

America.  See  Central  America, 
Chili,  Mexico,  Northwest  Ame- 
rica, Peru  and  Bolivia,  Rochy 
Mountains,  South  Sea. 

Ampere  on  the  cause  of  earth- 
quakes, 168. 

Ampolletas,  56. 

Amsterdam,  volcanic  island  of 
385. 


Anahuac,  series  of  volcanoes  of, 
280. 

Anaxagoras,  maxim  of,  verified,  7. 

Andaman  isles,  volcanic  pheno- 
mena in  the,  883. 

Andes,  lai^e  spaces  in  the  chain 
of,  destitute  of  volcanoes,  282; 
groups  and  distances,  283 ;  spe- 
cial direction  of  the  three  Cor- 
dilleras, 292. 

Andesite,  468,  471. 

Andrea  Bianco,  his  early  charts, 
exhibit  the  magnetic  variation, 
54. 

Anemasite,  478. 

Annular  valleys,  231 . 

Ansango,  lake  of,  3. 

Ansogorri,  Father  Joaquin,  his  de 
scription  of  the  rise  of  the  vol 
cano  JoruUo,  310. 

Ant-hills,  in  the  Rocky  Mountains 
their  remarkable  construction 
475. 

Antilles,  Little,  volcanoes  of  the 
described,  421. 

Antisnna,  the  colossal  mountain 
described,  331 ,  its  dykes,  331 ; 
lakes,  332. 

Antuco,  volcano  of,  289. 

Aphron,  the  northern  pole  of  the 
magnetic  needle,  53. 

Apparatus  employed  by  Humboldt 
for  his  453  determinations  of 
height  in  the  New  World,  459. 

Arabia,  lava  eruptions  in,  357. 

Arago  on  magnetic  inclination, 
107  ;  his  series  of  magnetic  ob- 
servatiuns,  vii. 

Ararat,  as  a  volcano,  361. 

Arare,  crater  of,  393.    * 

Arequipa,  volcano  of,  286. 

Argffius,  the  volcano,  249. 

Arimer,  country  of  the,  266. 

Aristotle    on    the     fundamental 
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principles  of  nature,  5 ;  volcanic 
phenomenon  upon  Hiera  de- 
Bcribed  by,  229. 

Arran,  volcanic  phenomena  in, 
360. 

Artesian  wells,  Walferdin's  obser- 
vations  on,  35. 

Ascension,  volcanic  phenomena  of 
the  island  of,  352. 

Asia,  situation  of  the  principal 
volcanoes  in,  297 ;  volcanoes  of 
the  western  and  central  parts, 
356 ;  of  Kamtschatka,  362 ;  of 
the  islands  of  Eastern  Asia,  367; 
of  the  islands  of  Southern  Asia, 
377;  of  the  Indian  Ocean,  382. 

Atlantic  Ocean,  volcanoes  of  the 
islands  of  the,  351;  presumed 
submarine  volcano,  353. 

Atlantis  of  Solon,  179. 

Atolls,  or  lagoon  reefs,  388. 

Attraction  of  the  magnet  known 
to  the  Greeks  and  Komans,  50. 

Augite,  475. 

Aurora  borealis,  152 ;  observa- 
tions of  the  black  segment,  152; 
colours  observed  in  high  lati* 
tudes,  1 54  ;  accompanying  flee- 
cy clouds,  155 ;  influence  on 
terrestrial  magnetism,  157;  ob- 
servations at  Berlin  and  at  Edin- 
burgh, 158. 

Auvergne,  extinct  volcanoes  of, 
238,  278. 

Azores,  craters  of  elevation  in  the, 
227 ;  the  volcano  Pico,  247. 

Azufral  de  Quindiu,  Humboldt*s 
visit  to  the,  221 ;  change  of  tem- 
perature observed  by  Boussin- 
gault)  221. 

Baily  on  the  density  of  the  earth, 
31,  32. 

Baker,  Mount,  a  volcano,  41 8« 

Banda,  a  volcanic  island,  381. 

Barba,  the  volcano,  described, 
273. 

Barile,  earthquake  at,  173. 

Barraucos  on  the  slopes  of  vol- 
canoes, 304. 


Barren  Island,  one  of  the  Anda- 
mans,  appearance  of,  as  de* 
scribed  by  Horsburgh,  383. 

Basalt-like  columns  of  Pisoje,  456. 

Beaufort,  Admiral,  the  Chimsera 
described  by,  257. 

Beauvais,  Vincent  of,  on  the  mag- 
netic  needle,  53. 

Belcher,  Sir^  E.,  magnetic  observa- 
tions by,  113. 

Bell-shaped  volcanic  mountains, 
228. 

Berg,  Albert,  his  description  of 
the  burning  spring,  Chimssra, 
257. 

Berlin^  aurora  observed  at,  by 
Humboldt,  158. 

Bessel,  determination  of  the  size 
and  figure  of  the  earth,  14,  27. 

Biotp  pendulum  measurements  by, 
23. 

Bolivia.     See  Peru, 

Borda,  his  services  in  equipping 
the  expedition  of  La  Perouse, 
61. 

Borneo,   the    Giava  Maggiore  of 

'  Marco  Polo.  379  ;  doubtful 
whether  volcanoes  exist  there 
379 ;  great  number  of  volcanoes 
in  its  vicinity,  379. 

Bo-shan,  eruption  of  the  volcano, 
437. 

Bouguer*s  experiments  on  the  de- 
viation of  the  plummet,  80 ;  on 
the  pumice-quarries  of  Lactu- 
cunga,  342. 

Bourbon,  volcanoes  of  the  isle  of, 
383. 

Boussingault's  method-  of  deter- 
mining the  mean  temperature, 
40 ;  on  the  cause  of  earthquakes, 
170 ;  on  the  matters  ejected  from 
volcanoes,  335  ;  on  gases,  442. 

Bove,  Val  del,  on  Etna,  225,  241. 

Bramidos  de  Guanaxuato,  178. 

Bravais  on  Artesian  wells,  37;  on 
the  black  segment  of  the  Au- 
rora, 153. 

Brisbane,  Sir  Thomas,  his  observa- 
tory at  Makerstoun,  123, 124. 
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Britisli  ifilee,  volcanio  phenomena 

in  the,  350,  488. 
Bromo,    a  volcano   in  Java,    its 

erater  lake,  802. 
Brooke,  Bajah,   on  the    volcanic 

appearances  in  Borneo,  880. 
Brooks  of  cold  water  said  to  be 

converted  into  thermal  springs, 

814. 
Brown,  Mount,  a  volcano,  418. 
Bach,  Leopold  von,  his  work  on 

basaltic  islands  and  craters  of 

elevation,  226 ;  on  the  erupted 

matters  of  Vesuvius,  235;  on 

the  trachytes  of  Etna,  469. 
Buddhist  fancy  as  to  the  cause  of 

earthquakes,  177. 
Bunsen  on  fumaroles,  424. 
Burkart,  his  visit  to  Jorullo,  318. 

Calabria,  earthquake  in,  in  1788, 
172. 

CcUamatico,  el,  an  ancient  name  for 
the  magnetic  pole,  56. 

Calbuco,  Volcan  de,  290. 

California,  list  of  the  volcanoes  of, 
417. 

Callaqui,  volcano  of,  290. 

Canary  Islands,  eruptions  in  the, 
477. 

Capac-Urcu,an  extinct  volcano,  282. 

Cape  of  Gk)od  Hope,  magnetic 
observations  at,  113. 

Carbonic  add  gas,  considerations 
on,  442. 

Carbonic  acid  gas,  jets  of,  201. 

Cascade  Mountain  range,  in  Call  - 
fomia,  416. 

Castillo,  Fray  Bias  del,  explores 
the  crater  of  Masaya,  260. 

Catalans,  advanced  state  of  navi- 
gation among  the,  53,  54. 

Caucasus,  volcanic  phenomena  of 
the,  208  ;  a  continuation  of 
the  Thian-schan,  360 ;  its  ex> 
lanct  volcanoes,  360. 

Cauldron-like  depressions  of  volca- 
noes, 231. 

Cavanilles,  his  account  of  the 
earthquake  of  Biobamba,  173. 


Celebes,  volcanoes  of,  881. 

Central  Anveriea,  linear  volcanoes 
of,  268,  272 ;  number  of  volca- 
noes in,  273 ;  necommended  for 
further  examination,  278. 

Chaeani  or  Charcani,  volcano  of, 
286. 

Chahorra,  the  crater  of,  on  the 
Peak  of  Teneriffe,  262. 

Chatham  Island,  its  position,  401. 

Chili,  group  of  volcanoes  in,  288; 
their  greatest  elevation,  where 
attained,  296. 

Chilian,  Volcan  de,  289. 

Chiloe,  submarine  volcano  near, 
288. 

Chimborazo,  majestic  dome,  form 
of,  2 ;  ascent  of,  464  ;  conside- 
rations on  the  height  of  the 
mountain,  464. 

Chimborazo  rock,  Bammelsbeig^s 
analysis  of,  461;  Abich's,  462; 
remarks  on  the  differences  be* 
tween  them,  463. 

Chimsera,  in  Lycia,  not  a  volcano, 
but  a  perpetual  burning  spring, 
212, 257;  analogous  phenomenon 
in  the  Kuen-lun,  438. 

Chiilal,  volcano  of,  290. 

Chinese,  early  acquainted  with 
the  polarity  of  the  magnet,  50 ; 
rope-boring,  219;  eariy  maps 
of  the,  434. 

Chuapri,  volcano  of,  288. 

Cinders,  cones  of,  wanting  in  seve- 
ral volcanoes  which  once  emit- 
ted lava-streams,  481 ;  thickness 
of  the  layers  of,  on  Sangay,  265. 

Circumvallations,  volcanic,  230; 
that  of  Oisans,  in  France,  its 
great  extent,  231  ;  of  Mont 
Blanc,  231. 

Coal  strata,  443. 

Coan,  the  missionary,  on  the  basin 
of  Eilauea,  893. 

Coast  Bange  mountains,  in  Cali> 
fomia,  old  volcanic  rocks  of  tho, 
416. 

Cofre  de  Perote,  Hunaboldfc*s 
ascent  of,  326. 
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Columbus  determines  astronomi- 
cally a  line  of  no  yariation,  54 ; 
notice  of  an  eruption  on  Tene- 
riflfe,  by,  477. 

domangillas,  Aguas  de,  a  hot 
spring,  197. 

Commotion,  waves  o^  in  earth- 
quakes, 171;  theory  of,  172; 
attempt  to  explain  the  rotatory 
shocks  experienced  in  Calabria, 
172. 

Commotions  of  the  earth  in  earth- 
qnakes  often  confined  within 
narrow  limits,  182. 

Comoro  islands,  burning  volcano 
in  the,  384. 

Compass.    See  Marinet's  Compcus. 

Compression,  polar,  29. 

Conchagua,  a  volcano,  275. 

Conical  volcanic  moimtains,  239. 

Conseguina,  eruption  of,  274. 

Copiapo,  destruction  of  the  town 
of,  288. 

Coquimbo,  volcano  of,  288. 

Coral  islands,  number  of,  in  the 
Pacific,  accordiDgtoDana,  390. 

Corcovado,  Volcan  de,  290. 

Cordilleras.    See  Andes. 

Corea,  volcanoes  of,  376. 

Cosima,  small  elevation  of  the 
volcano  of,  245. 

Costa,  Col.  A.,  his  experiments  on 
mean  annual  temperature,  41. 

Cotopaxi,  mineraloglcal  composi- 
tion of,  343. 

Craters  of  elevation,  226 ;  distin- 
guished from  true  volcanoes, 
227.     See  also  Volcanoes. 

Crozet's  group,  traces  of  former 
volcanic  action  in,  387. 

Crust  of  the  earth,  considerations 
on  its  varying  thickness,  439. 

Crystallized  minerals  of  the  Maars, 
234 ;  greater  number  found  on 
Vesuvius,  235. 

Cueva  de  Aiitisana,  332. 

Cyclades,  volcanic  phenomena  in 
the,  267. 

J)ana,    James,    his   valuable   re- 


searches in  the  Pacific,  388 ; 
his  grouping  of  the  basaltic  and 
coral  islaadB,  390 ;  on  the  vol- 
canoes of  the  Sandwich  Idands, 
392. 

Darwin,  Charies,  his  enlarged 
views  on  earthquakes  and  erup- 
tions of  volcanoes,  288 ;  general 
acknowledgment  of  obligations 
of  science  to,*  889. 

Dasar,  sand-lakes  of,  482 

Dechen,  H.  von,  on  volcanic  phe- 
nomena in  the  Eifel,  236 

Declination.    See  Magnetmn. 

Degree,  table  of  the  increase  in 
lengl^  of  the,  from  the  equator 
to  the  pole,  17. 

Demavend,  volcano  of,  356,  857 ; 
question  of  its  altitude,  356. 

Density  of  the  earth,  experiments 
to  determine,  80 ;  Airy's  results, 
vu. 

Detritus  dykes,  331. 

Deville,  on  the  structure  and 
colour  of  the  mass  in  certain 
volcanoes,  463. 

Devonian  slate,  231. 

Diablo,  Monte  del,  in  California, 
416. 

Diamagnetism,  its  discovery  by 
Faraday,  49,  78. 

Dio  Cassius  on  the  eruptions  of 
Vesuvius,  427. 

IHodorus  Siculus  on  the  Phl^rrsean 
fields,  428. 

Disturbances,  magnetic,  table  of, 
184. 

Djebel  el  Tir,  a  volcano,  356. 

Dome-shaped  and  bell-shaped 
mountains  peculiar  aspect  given 
by,  to  the  laDdscape,  229. 

Domite,  origin  of  the  term,  450. 

Dry  fog  of  the  summer  of  1788, 
421. 

Duperrey,  his  observations  on  thd 
magnetic  equator,  1(^4. 

Earth,  its  size,  configuration  and 
density,  vii,  9;  interior  heat, 
34,  246 ;  magnetic  activity,  49 ; 
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magnetic  storms,  141;  polar 
light,  151 ;  reaction  of  the 
interior  on  the  surface,  162 
{see  also  Earthquakes,  Volcanoes); 
thickness  of  the  crust  of,  pro- 
bably very  imequal^  169. 

Earthquakes,  variety  of  views  as 
to  their  cause,  167 ;  the  impulse, 
167 ;  translatory  movements, 
173;  subterranean  noises,  178; 
velocity  of  propagation,  179 ; 
distinguished,  but  improperly, 
as  Plutonic  and  Volcanic,  180 ; 
three  groups  of  phenomena 
which  indicate  the  existence  of 
one  general  cause,  183 ;  list  of 
memorable  examples  of  these 
phenomena,  183. 

Esui^h-waves  in  volcanic  phe- 
nomena, 171. 

Eastern  Asia,  volcanoes  of  the 
islands  of,  367. 

Edgecombe,  Mount,  a  volcano, 
269,  418 ;  another  in  New 
Zealand,  397. 

Edinburgh,  beautiful  aurora  ob- 
served at,  158. 

Edrisi  on  the  land  of  Qog  and 
Magog,  359. 

Eifel,  extinct  volcanoes  of  the, 
231  ;  two  kinds  of  volcanic 
activity  distinguishable,  232 ; 
Mitscherlich  on  the  minerals, 
235 ;  Ehrenberg  on  the  infusoria, 
237. 

Elburuz,asan  extinct  volcano,  362. 

Elevation,  question  of  the  in- 
fluence of,  on  magnetic  dip  and 
intensity,  114;  craters  of,  dis- 
tinguished from  true  volcanoes, 
227. 

Elias,  Mount,  a  volcano,  252,  419. 

Elliot,  Capt.,  on  the  magnetic 
equator,  105. 

Ellipticity  of  the  earth,  specula- 
tions of  the  ancients  on  the,  26 ; 
Bessers  determination,  27. 

El  Nuevo,  a  volcano,  274. 

El  Viejo,  a  volcano,  measurements 
of,  274. 


El  Volcancito,  now  a  mountain  of 
ashes,  321. 

Emanations  from  fumaroles,  their 
nature,  424. 

Enceladus.    See  Typkon, 

England,  volcanic  phenomena  in, 
350,  483. 

Equator,  magnetic.  See  Magnetic 
equator, 

Erebus,  Mount,  the  volcano,  103^ 
249. 

Erman  on  the  magnetic  equator, 
105  ;  his  researches  on  the  vol- 
canoes of  Kamtsehiatka,  363. 

Erupted  blocks,  479. 

Eruption,  masses  of,  considera- 
tions on,  225 ;  craters  of,  226. 

Eruptions  of  volcanoes,  considera- 
tions on  the  general  laws  of, 
255 ;  varying  heights  to  which 
matters  are  cast,  264. 

Etna,  eruptions  of,  usually  occur 
within  a  space  of  six  years,  255 ; 
periods  of  its  greatest  activity, 
257 ;  height  to  which  ejected 
matters  attain,  265;  its  tra- 
chytes, 465. 

Euboea,  Strabo's  description  of  an 
earthquake  in,  225. 

Europe,  active  volcanoes  of,  349 ; 
extinct  volcanoes  and  volcanic 
phenomena,  231,  238,  350,  483. 

Faraday's  discovery  of  the  para- 
magnetic force  ci  oxygen,  78; 
important  results  expected  from 
it,  82,  99;  on  diamagnetism, 
49,  78. 

Fairweather,  Mount,  a  volcano,  418^ 

Felspar,  variety  of  minerals  com- 
prised under  the  denomination 
of,  457,  474. 

Ferdinandea,  the  volcanic  island, 
349. 

Figure  of  the  earth,  attempts  to 
solve  the  problem,  13 ;  deter- 
minations of  Bessel,  14 ;  earlier 
observations,  16. 

Fissures  caused  by  earthquakes, 
178;   volcanic,   226,   228;    vol- 
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canoes   upheaved   on    fisaures, 
265.    See  Volcanoes, 
Fiteroy's  magnetic    observations, 

71. 
Floods  in  rivers,  prognostication 

^  of,  187. 
Forbes,  on  the  conductive  power 

of  different  rocks,  38. 
Fogo,   volcano    of  the    Ilha    do, 

262. 
Formosa,  the  turning-point  of  the 
lines    of  volcanic  elevation  in 
the  islands  of  Eastern  Asia,  369 ; 
its  volcanoes,  377. 
Foucault's  apparatus  for  demons- 

tratiDg   the    rotation     of    the 

earth,  25. 
France,  extinct  volcanoes  of,  238, 

278. 
Franklin  on  frozen  earth  in  the 

north-west  of  America,  48  ;  his 

Arctic  voyages,  65 ;    search  for 

him,  65, 
Franklin's     Bay,      volcano      of, 

more  properly  a  salse,  419. 
Fredonia,  near  Lake  Erie,  springs 

of  inflammable  gas  at,  213. 
Fremont's  hypsometricalinvestiga- 

tions    in  North- West  America, 

410. 
Fremont's  Peak,  415. 
French  Alps,  highest  summit  of 

the,  230. 
Frozen  earth,  its  gcog^phical  ez- 

tansion,  46. 
Pie-nan,  a  Chinese  magnetic  appa- 
ratus, 50. 
Fuego,  Volcan  de,  described,  276. 
Fumaroles,  various  classes  of,  4  24 ; 

Bunsen  on  their  products,  424. 
Fumtnarole    of    the   Tuscan  Ma- 

remma,  211. 
Fused  interior  of  the  earth,  246. 

Galapagos,  the,    countless    cones 

and  extinct  craters,  400 ;  pumice 

not  foimd  there,  401. 
Galera  Zamba,  terrible  eruptions 

of  flames  and  terrestrial  changes 

at,  218. 


Gandavo,  Fray  Juan  de,  exploren 
the  crater  of  Masaya,  260. 

Gas,  volcanic  exhalations  of,  in- 
quiry into,  441.  See  also 
Springs. 

Gauss,  his  theory  of  terrestrial 
magnetism,  62. 

Gay  Lussac  on  the  chemical  causes 
of  volcanic  phenomena,  169 ; 
on  waves  of  commotion  and 
oscillation,  171. 

Gemellaro,  his  estimate  of  the 
height  to  which  erupted  bodies 
ascend  from  Etna,  265. 

Geographical  distribution  of  vol* 
canoes,  421 ;  an  abnormal  phe^ 
nomenon  in,  noticed,  43S. 

Geological  terms,  origin  of  some, 
450. 

Geysirs,  the,  of  Iceland  described, 
199. 

Gilbert,  William,  lays  down  com- 
prehensive views  on  the  mag- 
netic force  of  the  earth,  57. 

Glassy  felspar.    See  Felspar. 

Godivel,  Lac  de  la,  an  extinct 
volcano,  238. 

Gog  and  Magog,  oriental  myth  of, 
359. 

Gold,  believed  to  be  found  in 
volcanoes,  261 ;  descent  into 
Masaya  in  search  of  it,  261. 

Graham,  his  observation  of  the 
hourly  variations  of  the  mag- 
netic force,  60. 

Graham  Island,  temporary  for-, 
mation  of,  349. 

Grand  Ocean,  a  term  for  the  basin 
of  the  South  Sea,  objected  to, 
404. 

Granite,Mitflcherlich*s  experiments 
on  the  melting  point  of,  246. 

Greece,  has  frequently  suffered 
from  earthquakes,  177 ;  great 
number  of  thermal  springs,  177, 

Crenelle,  the  Artesian  well  of,  36. 

Ground  temperature,  observations 
on,  1 90.    See  also  Frozen  earth. 

Guadeloupe,  the  Soufriere  of,  de- 
scribed, 423. 
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<}niiga&-Pichinc1iay    its   meaning, 

242. 
Gualatieri,  volcano  of,  287. 
Guanacaure,  a  volcano,  274. 
Quanahaca  (Guanegue?)   volcano 

of,  290. 
Guettard's  observations  on  extinct 

volcanoes,  330. 
Gunnng,  the  Javanese  term  for 

mountain,  299. 
Gunung  Tengger,   a    volcano  in 

Java,  vast  size  of  its  crater,  301. 
Guyot  of  Provins,  his  mention  of 

tiie  magnetic  needle,  53. 

Hair-glass,  a  volcanic  product, 
392. 

Hall,  Capt.  Basil,  experiments  to 
determine  the  mean  tempera- 
ture of  places  within  the  tropics, 
40;  measurement  of  the  vol- 
canoes of  Old  Guatemala,  277 ; 
his  admirable  description  of 
Sulphur  Island,  377. 

HaUey's  theory  of  four  magnetic 
poles,  58. 

HAllmann,  his  classification  of 
springs,  205. 

Hansteen  on  the  magnetism  of 
the  earth,  66. 

Harton,  pendulum  experiments 
at,  relative  to  the  density  of  the 
earth,  vii. 

Hawaii,  the  volcanoes  of,  de- 
scribed, 395. 

Heat,  distribution  of,  in  the  in- 
terior of  our  globe,  34  ;  hypo- 
thesis of  the  depth  of  the  fused 
interior  of  the  earth  below  the 
present  sea  level,  246. 

Hecla,  the  volcano,  its  aspect, 
243;  infrequency  of  its  erup- 
tions, 255 ;  how  classified  by 
Waltershausen,  351. 

Helena,  St.,  volcanic  phenomena 
of,  352. 

Helen's,  St.,  Mount,  a  volcano, 
417. 

Hell,  the  cold,  of  the  Buddhists 
196. 


Hephaestos,  Volcano,  the  holy  isle 
of,  257. 

Herefordshire,  sedimentary  rocks 
of,  231. 

Hesse,  on  the  volcanoes  of  Central 
America,  272. 

Hiera,  volcanic  phenomena  U{)Oii, 
described  by  Aristotle,  229. 

Himalayan  chain,  four  highest 
mountains  of  the,  287 ;  known 
to  the  Greeks  as  the  elongated 
Taurus,  434. 

Hobarton,  magnetic  observations 
at,  100. 

Ho-dieu,  a  volcano,  also  called 
Turfan,  356. 

Hood,  Mount,  an  extinct  volcano, 
417. 

Hooker,  Joseph,  on  the  hot  springs 
of  Momay,  197. 

Hopkins  on  earthquakes,  168,  l7l, 
174. 

Horary  variation  of  the  declina- 
tion not  ascribable  to  the  heat 
of  the  sun,  82;  maxima  and 
minima,  at  various  magnetic 
stations,  109. 

Hornblende  and  augite,  475. 

Hornos  or  Homitos.  See  Homitos, 

Hornitos,  low  volcanic  cones,  183; 
further  notices  of  them,  316, 
322. 

Horsburgh,  description  of  Barren 
Island  by,  383. 

Ho-8chan  and  ffo-tsing,  of  Eastern 
Asia,  219. 

Humboldt,  Alexander  von,  ob- 
servations of  temperature  in 
Mexico  and  Peru,  41 ;  mag- 
netic observations  by,  96;  his 
determination  of  the  magnetic 
equator,  104  ;  observations  of 
polar  bands,  155 ;  visit  to  the 
scene  of  the  earthquake  of 
Riobamba,  173;  observations  of 
the  phenomena  of  an  eniption 
of  Vesuvius,  181  ;  barometrical 
measurements  of  the  same 
mountain,  247;  his  definition 
of  the  term   *' volcano,"    287; 
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his  visit  to  Jorailo,  SIS,  319; 
the  name  Jura  limestone  intro- 
duced by,  468;  apparatus  em- 
ployed by,  in  iiie  New  World, 
459 ;  bis  mineralogical  collec- 
tions, 477 ;  on  the  formation  of 
pumice,  483. 
Humboldt,  Alexander  Ton,  works 
by,  cited  in  the  text  or  notes : — 

Asie  Centrale,  51,  101,  116, 
148,  149,  176,  208,  210, 
219,  220,  250,  295,  336, 
356,  858,  360,  361,  372, 
876,  438. 

Atlas  GMographique  et  Phy- 
sique de  la  NouTelle  Eki- 
pagne,  239,  247,  263,  309, 
432. 

Essai  Geognostique  sur  le 
Gisemeut  des  Roches,  221, 
320, 444,  454, 468, 475, 483. 

Essai  sur  la  G^ographie  des 
Plantes,  252,  458. 

Essai  Politique  sur  la  Kou- 
Telle  Espagne,  42, 197, 279, 
280,  293,  310,  312,  326, 
406,  418,  458. 

Examen  Critique  de  THis- 
torre  de  la  Gdographie,  51, 
119,  126,  180,  244,260. 

Fragmens  de  Geologic  et  de 
Climatologie  Asiatique, 
372  377 

Eleinere  Schriften,  171,  214, 
239,  291,  332,  336,  341, 
451,  478. 

Becueil  d'Observations  As- 
tronomiques,  41,  104,  143, 
222,  251,  279,  315,  326, 
444,  459,  464,  481. 

Helation  Historiquedu  Voyage 
aux  Kegions  ^quinoxiales 
(Personal  Narrative,  Bohn's 
edit,  1852-3),  97,  112,115, 
117,  173,  175,  187,  249, 
250,  303,  422,  423,  479. 

Views  of  Nature,  261,  366, 
408,  427. 

Vues  des  Cordill^ret^  217, 
239,  242,  247. 


Hypersthene  rook,  its  employmmit 

for  ornamental  purposes,  478. 
Hypsometry    of   vdcanoes,    fiist 

group,  246  ;  second  group,  247 ; 

third  group,  248 ;  fourth  group, 

250 ;  fifth  group,  251. 

Iceland,  the  Geysirs  of,  198 ;  mud 
springs,  212 ;  volcanoes,  351. 

Ilha  do  Fogo,  one  of  the  Cape 
Verd  Islands,  so  called,  262. 

Impulse  in  volcanic  phenomena, 
summary  of  views  on,  167. 

Inarima,  266. 

Inclination,  magnetic,  102;  max- 
ima and  minima,  109;  secular 
variation.  111. 

Indian  Ocean,  volcanoes  of  the 
382,  387. 

Infusoria,  universal  diflbsion  of 
the  237. 

Intensity  of  the  magnetic  ter- 
restrial force,  57,  61,  87. 

Interior  of  the  earth,  its  reacticm 
on  the  surface,  162.  See  also 
Earthquaikes,  Volcanoes, 

Invariable  temperature,  stratum 
of,  39. 

Ischia,  265. 

Island  of  Desolation.  See  Ker- 
gtiden's  Island, 

Islands,  temporary,  enumerated, 
349. 

Islands  and  the  shores  of  conti- 
nents, great  number  of  vol- 
canoes found  on,  431. 

Islands  of  the  Pacific,  Dana's 
classification  of,  390. 

Islug^,  volcano  of,  287. 

Izalco,  volcano  of,  described,  261 ; 
its  eruptions,  276, 

Iztaccihuatl,  a  volcano,  meaning 
of  the  name,  239. 

Jacob,  valley  of,  on  Ararat,  241. 

Jakutsk,  mean  annual  tempera- 
ture of,  45 ;  extreme  variations, 
46. 

Jan  Mayen,  volcanoes  of  the  island 
of,  351. 
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Japan,  notice  of  the  volcanoes  of, 
communicated  by  Sielbold,  378. 

Jaques  deVitry,  his  mention  of 
the  magnetic  needle,  53. 

Java,  large  number  of  volcanoes 
in,  297;  their  comparatively 
low  elevation,  299;  direction  of 
the  principal  axis,  301 ;  vast 
craters  of  some,  301 ;  ribbed 
formation,  303;  lava  streams, 
305;  salses  of,  and  mofette 
grottoes,  described  by  Jung- 
huhn,  220 ;  tertiary  formations, 
298. 

Javanese  names  of  mountains  ex- 
plained, 307. 

Jefferson,  Mount,  417. 

Jesso,  island  of,  372;  its  ntime- 
rous  volcanoes,  373. 

JoruUo,  rise  of  the  volcano,  280, 
809 ;  description  of,  by  eye-wit- 
nesses, 310 ;  visit  of  Humboldt 
to,  31 3,  319 ;  visit  of  Buckart, 
and  changes  noticed  by  him, 

313. 
Juan  Jayme,  his  scientific  voyage, 

55. 
Julia  the  volcanic  island,  349. 
Julius,  the  proconsul,  196. 
Jumnotri,  hot  well  of,  198. 
Junghnhn,  his  researches  in  Java, 

220,  298. 
Jura  limestone,  name  introduced 

by  Humboldt,  468. 

Kaimenes,  upheaval  of  the  three, 
349. 

Kamtschatka,  the  loftiest  volcano 
of  Asia  found  in,  300 ;  de- 
scribed, 362. 

Kerguelen's  Island,  extinct  craters 
of,  387. 

Kilauen,  the  great  crater  of,  not  a 
solfatara,  392. 

Kiua  Bailu,  a  lofby  mountain  of 
Borneo,  379. 

Kirgieh  Steppe,  former  water- 
courses of  the,  437. 

Kljutsohewsk,  the  highest  Asiatic 
volcano,  300. 


KoraL    See  Corect. 

Kotzebue  on  the  volcanic  island 

of  Unmack,  230. 
Krapf,  discovery  of  a  volcano  in 

Eastern  Africa  by,  354. 
Krafto.    See  Saghalin. 
Krasnajazarki,    polar    bands    o1>- 

served  by  Humboldt  at,  165. 
Kreil  on  the  magnetism  of  the 

moon,  85. 
Krusenstem  on  a  presumed  Bub> 

marine  volcano,  853. 
Kuen-lun,     fire-springs     of    the, 

438 ;  the  chain  visited  by  the 

brothers  Schlagintweit,  438. 
Kuopho  on  the  magnetic  needle, 

51. 
Kupffer    on    the    frozen    soil  of 

Northern  Asia,  48. 
Kurile  isles,  active  volcanoes  of 

the,  372. 

La  Berarde,  remarkable  position 
of  the  village  of,  231. 

Lactacunga,  repeated  destruction 
of  the  town  of,  342;  subter- 
ranean pumice  quarries  of,  342, 
480. 

Ladrone  islands,  volcanoes  of,  395. 

Lngoni  of  the  Tuscan  Maremma, 
211. 

Lament  deduces  the  law  of  th« 
period  of  alterations  of  decli- 
nation, 84. 

Lancerote,  destruction  of  the 
island  of,  228. 

Lava,  recent,  often  perfectly  simi- 
lar to  the  oldest  formations  of 
eruptive  rock,  226;  important 
conclusion  drawn  therefrom, 
226. 

Lava  fields,  various  names  for,  324. 

Lava  streams  rare  in  the  volcanoes 
of  the  Cordilleras  of  Quito,  277 ; 
discovered  in  the  eastern  chain 
of  the  Andes,  295 ;  also  in  Java, 
306;  their  essential  character, 
30G ;  Of  Auverge,  330 ;  of  Etna, 
465;  of  Hecla^  243;  of  Ter- 
uate,  381. 
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Lazarus,  St.  Mount,  voloauo,  269. 
JLelantus,  in  Eubcea,  eruption  at, 

225. 
.  Lemaos,  destrucfcion  of  the  moun 

tain  Mosychlos  in^  349. 
Letronne  on  earthquakes  in  Egypt> 

177. 
Iieudte,  466,  476. 
.  Limari,  Tolcano  of,  288. 
,  Linschoten,  notices  the  volcanoes 

of  Japan,  375. 
Lipora,   the  volcano,  question  of 

its  identity,  256. 
Lipari^  the  ancient  Meligunis,  256 ; 

lava  stream  found  in,  341. 
Llandeilo    atrata,    volcanic    fx'ag- 

ments  found  in  the,  350. 
Uanquihue,  volcano  of,  290. 
Log,  ship's,  introduction  of  the, 

an  important  era  in  navigation, 

56. 
'  Lombok,  volcano  on  the  isle  of, 

381. 
Lucia,  St.,  the  volcano  of,  42  2. 
Lunar-diurnal  magnetic  variation, 

•  •  • 

viu. 
Lutke,  Admiral,  on  the  volcanoes 

of  Kamtschatka,  3G3. 
Luzon,  active  volcano  in,  243. 

Kaara,  in  Gennany,  231 ;  in  Au- 
▼ergne,  238. 

Hacas.    See  Samgay, 

McLaughlin,  Mount,  its  height, 
417. 

Madagascar,  volcanic  indications 
in,  384. 

Madeira,  volcanic  phenomena  of, 
362. 

Magnet,  attraction,  but  not  pola- 
rity of  the,  known  to  the  Greeks 
and  Homans,  50;  variations  of 
the,  early  known  to  the  Chinese, 
52 ;  variation  charts,  54 ;  horary 
periodical  alterations,  60. 

Magnetic  disturbances,  table  of, 
134. 

Magnetic  equator,  its  position  and 
change  of  foim,  103 ;  Hum- 
boldt's    determintitions,    104 ; 


]  Duperrey's  observations,  104; 
Elliot's,  105.  ^ 

Magnetic  intensity,  61 ;  the  know- 
ledge of,  due  to  Borda,  61 ;  in- 
clination chart,  61. 

Magnetic .  needle,  early  known  to 
the  Chinese,  50 ;  its  introduction 
to  Europe,  62 ;  declination,  64. 

Magnetic  observatories,  62. 

Magnetic  storms,  134. 

Magnetic  waggon,  the,  of  the 
Chinese,  61. 

Magnetism,  early,  researches  in, 
55,  57 ;  increased  activity  of 
observation  in  the  19th  century, 
62;  table  of  magnetic  investi- 
gations, 63;  influence  of  the 
moon,  viii. 

Magnetism  of  mountain  masses, 
159. 

Makerstoun,  Sir  Thomas  Bris- 
bane's observatory  at,  123,  124. 

Malpais,  a  term  applied  to  lava 
fields,  307. 

Mandeira,  the  volcano,  273. 

Mantschurei,  extinct  volcano  in, 
437. 

Marco  Polo,  date  of  his  travels,  53 ; 
the  mariner's  compass  known  in 
Europe  before  his  time,  63. 

Marcou,  on  the  anthills  in  the 
Rocky  Mountains,  475. 

Marincr^s  compass  known  in  Eu- 
rope in  the  12th  century,  63 ; 
English  ships  guided  by  it,  in 
1346,  56. 

Marion's  Island,  traces  of  former 
volcanic  action  on,  387. 

Martinique,  recent  volcanic  adiion 
in  the  island  of,  423. 

Maribios,  los,  a  line  of  six  vol- 
canoes, 274. 

Masaya,  volcano  of,  described, 
258 ;  descent  into  the  crater  of, 
260. 

Mauna-Boa,  a  volcano  of  the  Sand- 
wich Islands,  250 ;  ita  height 
greatly  exaggerated,  2  50 ;  mean* 
ing  of  the  name,  246;  described, 
391;  the  largest  volcano  of  the 
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South  S«as,  391;  called  also 
Mouna  Loa,  391;  its  lava-lake 
of  Kilauea,  393. 

Maypu,  volcano  of,  289. 

Medma,  volcano  of,  356. 

Meligunis.    See  lApari, 

Methone,  volcanic  phenomena  of 
the  peninsida  of,  229. 

Mexico,  list  of  elevations  of  the 
table  land  of,  408 ;  volcano  of, 
402 ;  considerations  on  the 
mountain  chains,  40j^.  See  also 
Ntw  Mexioo. 

Mica,  473. 

Micuipampa,  mean  annual  tempe- 
rature of,  41,  42. 

Middendorf's  two  Siberian  expe- 
ditions, 43;  on  the  frozen  soil 
of  Northern  Asia,  47. 

Minchinmadom,  volcano  of,  290. 

Mines,  observations  in,  on  mag- 
netic dip  and  intensily,  116. 

Mitscherlich  on  the  minends  of  the 
Eifel,  235 ;  on  the  melting  point 
of  granite,  246. 

Mofette-grottoes  of  Java,  described 
by  Junghuhn,  220. 

Momay,  hot  springs  of,  197. 

Momobacho,  ^e  volcano,  273. 

Momotombo,  the  volcano,  274. 

Monkwearmouth,the  coal  mine  at, 
37. 

Mont  Blanc,  the  Grand  Plateau 
of,  231. 

Mont  Pelvoux,  the  highest  summit 
of  the  French  Alps,  230. 

Monte  del  Diablo,  in  California, 
416. 

Moon,  extent  of  our  acquaintance 
with  the  surface  of  the,  448; 
volcanoes  and  parasitic  craters, 
449;  magnetism  of  the  Kreil 
on  the,  85;  investigation  of 
the  subject  by  General  Sabine, 

•  •  • 

vui. 

Mormons,  Great  Salt  Lake  of  the, 
410. 

Mortero,  Cerro  del,  321. 

Mosenberg,  the,  an  extinct  vol- 
cano, 232,  238. 


Uosychlos,  the  mountain,  destruc- 
tion of,  349. 
Mouna  Loa.    See  Ma%ma  Boa,. 
Mountain  masses,  magnetism  of, 

169. 
Mountain  peaks,  comparison  of, 

with  the  bulging  of  the  earth's 

surface,  28. 
Mousart  (corruption  of  Muztag), 

equivalent   to   Sierra   Keva£^ 

434. 
Moya  cones  of  Pelileo,  172,  216. 
Mud-springs  of  Iceland,  212. 
Mud-volcanoes,  217,  379. 
Murchison,   Sir  H.,  on    eruptive 

trap  masses,  350,  483. 
Muriatic  acid  f  umaroles,  424. 
Mutis,  apparatus  of,  459. 

Naphtha  springs,  207. 

Negropont.    See  Euhcea. 

Neptune,  connexion  of,  with  earth- 
quakes, 179. 

New  Britain,  volcanoes  of,  396. 

New  Caledonia,  volcanic  action 
absent  from,  398. 

New  Guinea,  volcanoes  of,  396. 

New  Mexico,  barometric  levellings 
in,  407;  list  of  heights,  408. 

New  Zealand,  geology  of,  396; 
volcanoes,  897. 

Niphon,  recorded  volcanic  erup- 
tions in,  374. 

Nodes,  magnetic,  their  changes  of 
position,  103,  106. 

Noises  from  volcanoes,  diffBrences 
observed  in,  263 ;  extraordinary 
distances  at  which  heard,  264. 

Norman,  Robert,  determines  the 
inclination  of  the  magnetic 
needle  in  London,  57. 

North-west  America,  volcanoes  of,, 
403 ;  hypsometry  of,  408. 

No  variation  (magnetic),  pointa 
and  lines  o^  54,  58. 

Obsidian,  479;  its  cavities  and 
airholes,  482. 

Oerafa,  in  Iceland,  fearful  erup- 
tions of,  351. 
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Oejnhmisen,  temperature  of  the 

salt  spring  at,  36. 
Oisans,  natural  amphitlieatre   of, 

its  vast  extent,  231. 
Oligoclase,  471. 

Olot,  extinct  volcanoes  of,  433. 
Olympus,    Mount,    in    America, 

418. 
Omato,  Yolcan  de,  286. 
Ometepec,  an  active  volcano,  273. 
Orinoco,  high  temperature  of  its 

waters  at  certain  seasons,  186. 
Orizaba,  a  volcano,  measurement 

of  the  peak  of,  251 ;  lava  field 

of,  324. 
Oron,  fresh-water  lake  of,  seals 

found  in  the,  437. 
Orosi,  the  volcano,  273. 
Orthoclase,  480. 
Osomo,  volcano  of,  290. 
Overweg's  researches  on  volcanic 

phenomena  in  Africa,  355. 
Ovid,  volcanic  phenomena  clearly 

described  by,  229. 
Owhyhee.    See  Hawaii, 

Facaya,  eruptions  of,  276. 

Pacific  Ocean,  the  term  ''Grand 
Ocean,'*  improperly  applied  to 
the,  404;  comparatively  small 
number  of  active  volcanoes, 
388 ,  grouping  of  its  islands  by 
Dana,  390.  See  also  South 
Pacific  Ocean,  South  Sea. 

Panguipulli,  Volcan  de,  290. 

Papagayos,  remarkable  storms  so 
called,  271. 

Paramos»  their  elevation  and  vege- 
tation, 294. 

Paramagnetism  exhibited  by  oxy- 
gen gas,  49  ;  importance  of  the 
discovery,  78,  82,  99. 

Parafiitic  craters  of  the  Moon, 
449. 

Parinacota,  volcano  of,  287. 

Passuchoa,  the  extinct  volcano  of, 
337. 

Patricius,  the  bishop,  his  theory  of 
central  heat,  196. 

Paul,  St.,  volcanic  island  of,  384. 


Pele's  hair,  volcanic  glass  so  called, 
392. 

Pelileo,  eruption  of  the  Maya  of, 
172,216. 

Pendulum,  vibrations  of  the,  ap- 
plied to  determine  the  figure  of 
the  earth,  19 ;  Sabine's  expedi- 
tion, 22 ;  other  observers,  23 ; 
the  form  of  the  earth  not  ex- 
actly determinable  by  such 
means,  25;  Airy's  experiments 
at  Harton,  viL 

Pentland,  his  discovery  of  lava- 
streams  in  the  eastern  chain  of 
the  Andes,  295. 

Perlite,  344. 

Pertusa,  hot  springs  of,  196. 

Peru  and  Bolivia,  series  of  volca- 
noes of,  292. 

Peshan,  volcano  of,  356,  434. 

Peteroa,  volcano  of,  289. 

Peterman's  notices  from  Overweg, 
of  volcanic  phenomena  in  Africa, 
355. 

Phaselis,  flame  of  the  Chimsera, 
near,  212. 

Philippines,  volcanoes  of  the,  243. 

Phlegrsean  fields,  ancient  descrip- 
tions of  the,  428. 

Pic  de  Nethou,  the  highest  sum- 
mit of  the  Pyrenees,  230. 

Pic  of  Timor,  formerly  an  ever- 
active  volcano,  382. 

Pichincha,  remarkable  form  of, 
241 ;  ascent  of,  by  Humboldt, 
242 ;  visited  by  Wisse,  242 ;  its 
height,  250. 

Pichu-Pichu,  Volcau  de,  286. 

Pico,  the  volcano,  247 ;  eruptions 
of  other  volcanoes  in  the  Azores 
apparently  dependant  on,  351. 

Piedmont,  trembling  of  the  earth 
in,  183. 

Pilla,  on  the  leucite-crystals  of 
Bocca  Monfina,  466. 

Pisoje,  basalt-like  columns  of, 
456. 

Pithecusse,  Bokhon  the,  266. 

Pitt,  Moimt^  in  America,  4 IT. 

Plato,  on  the  Pyripfalegethon,  35, 
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268  ;  on  the  magnetic  cliain  of 
rings,  60. 
Polar  light.     See  Aurora. 
Polarity,  the  force  of,  nnknown  to 

the  Greeks  and  Romans,  50. 
Poles,  magnetic,  traditions  regard- 
ing,   55  ;     Halley's    Tariation 
chart,  59. 
Polybius,  his  knowledge  of  Stron- 

gyle,  257. 
Polynesia  and  similar    diyisional 

terms,  objected  to,  389. 
Pomarape,  volcano  of,  287. 
Popocatepetl,     a    volcano,    251  ; 
meaning  of  the  name,  239  ;  de- 
terminations of  the  height  of, 
458. 
Porphyries  of  America,  475. 
Porphyry  of  the  Pay  de  D6me,* 

ics  peculiar  character,  450. 
Portobello,  hot  springs  of,  198. 
Pozzuoli,  eruption  from  the  solfa- 

tara  of,  423. 
Procida  or  Prochyta,  265. 
Proclns  on  earthquakes,  179. 
Pulu  Batu,  lava-streams  of,  382. 
Pumex  Pompeianus,  430. 
Pumice  not  found  at  Jorullo,  319; 
abundant  in  Lipari,  340;   the 
pumice  quarries  of  Lactacunga, 
342;  of  Cotopaxi,  343 ;  isolated 
eruptions   of,   344 ;    found    in 
Madagascar,   384 ;    and  in  the 
island  of  Amsterdam,  387;  Hum- 
boldt's view  of  its  formation, 
483. 
Pumice  eruption  of  the  Eifel,  236. 
Punhamuidda,  volcano  of,  290. 
Pusambio,  the  river,  acidified  by 

sulphur,  202. 
Pyrenees,  highest  summits  of  the, 

230,  231. 
Pyriphlegethon,  Plato's  geognostic 
myth,  35,  268. 

Quelpaert's  island,  a  volcano,  37^ 
Quesaltenango,  Yolcan  de,  277. 
Quetelet  on  daily   variations   of 

temperature,  38. 
Quindiu.    See  A zufral  de  Qmndiu^ 


Quito,  observations  on  the  older 
rocks  of  the  volcanic  elevated 
plains  of,  444. 

Quito  and  New  Granada,  the 
group  of  volcanoes  of,  231. 

Rains,  regions  of  summer,  autumn, 

and  winter,  188. 
Rainier    (or  Regnier)  Mount,  an 

active  volcano,  418. 
Rakiug  of  mountain  chains   ex- 
plained, 294. 
Rammelsberg's    analysis    of    the 

Chimborazo  rock,  461. 
Ranco,  volcano  of,  290. 
Rapilli,  234. 

Raton  Mountains,   extinct  volca- 
noes of  the,  413. 
Regnier,  Mount,  an  active  volcano, 

418. 
Rehme,  the  Artesian  well  at,  36. 
Reich's  experiments  to  detercuine 
the  density  of  the  earth,  31;  the 
subject  more  Jately  investigated 
by  Airy,  vii. 
Results  of  observations  in  the  tel- 
luric portion   of   the   physical 
description  of  the  universe,  8. 
Revillagigedo,  volcanic  islands  of,. 

281. 
Ribbed  formation  of  the  volcanoes 
of  the  island  of  Java,  303  ;  ana- 
logous phenomena  of  the  mantle 
of  the    Somma    of    Vesuvius, 
305. 
Richer,  observations  on  the  pen- 
dulum, by,  19. 
Rigaud,  Professor,  on  the  propor- 
tion of  water  and  terra  firms, 
388. 
Rindjana,  a  volcano,  its  height, 

381. 
Riobamba,  terrible  earthquake  at, 

167,  172,  173. 
Rio  Vinagre,  described,  202. 
Rock-ddbris,  331. 

Rocky  Mountains,  the  chain  de- 
scribed, 411;  traces  of  ancient 
volcanic  action,  414 ;  parallel 
coast  range  3,  still  volcanic,  415. 
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Bonqmdo  and  hrwmidoi  distin- 
guished, 263. 

Rope-boricg  of  the  Chinese^  219. 

Rose,  Gustav,  his  classification  of 
volcanic  rocks,  449,  453. 

Ross,  Sir  James  Clark,  his  Ant- 
arctic voyage,  75,  145. 

Ross,  John,  his  Polar  voyages,  65. 

Rucu-Pichincha,  its  meaning,  242. 

Buido,  el  gran,  1 72. 

Sabine,  Major-Qeneral,  his  pendu- 
lum expedition,  22;  on  the 
horary  and  annual  variations, 
82;  on  the  influence  of  the 
moon  on  terrestrial  magnetism, 
vm. 

Sacramento  Butt,  an  extinct 
crater,  416. 

Saghalin,  called  Krafto  by  the 
Japanese,  367. 

Sahama,  Volcan  de,  286. 

Salses  and  naphtha  springs,  207. 

Salt  Lake,  Great,  of  the  Mormons, 
410. 

San  Bruno,  rotatory  motion  of  the 
obelisks  before  the  monastery 
of,  in  Calabria,  172. 

San  Clemente,  volcano  of,  290. 

Sandwich  Islands,  a  volcanic  ar- 
chipelago, 391 ;  the  volcanoes, 
245;  height  of  some  greatly 
exaggerated,  250. 

Sangai  or  Sangay,  the  volcano, 
251;  its  position,  251 ;  the  most 
active  of  tho  South  American 
volcanoes,  262;  its  eruptions 
observed  by  Wisse,  182, 

Sanidine,  475. 

San  Miguel  Bosotlan,  a  volcano, 
276. 

San  Pedro  de  Atacama,  Volcan  de, 

287. 
pSan  Salvador,  a  volcano,  eruptions 
of,  276. 

Santa  Cruz,  volcano  of  395. 

San  Vicente,  a  volcano,  eruptions 
of,  275. 

Santorin,  volcanic  eruption  of, 
229. 
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Saragyn,  hot  springs  of,  346. 
Sawelieff  on  magnetic  inclination, 

113. 
Schagdagh,  the  perpetual  fires  of 

the,  210. 
Schergin's  shaft,  at  Jakutsk,  43. 
Schiwelutsch,  a  volcano,  its  pecu- 
liar form,  248 
Schlagintweits,  the  brothers,  ob* 

servations  on  springs,  191 ;  tra 

verse  the  Kuen-lun,  43^. 
Schrenk,  on  the  frozen  soil  in  the 

country  of  the  Samojedes,  46. 
Sea,  distance  of  volcanic  activity 

from  the,  statements   of,  exa. 

mined,  432 ;    volcanic  erupUcn 

observed  in  the,  377 
Seals  found  in  the  Caspian  Sea, 

and  the  Sea  of  Baikal,  437;  also 

in  the  distant  fresh-water  lake 

of  Oron,  437. 
Secular  variation  of  the  magnetic 

inclination.  111. 
Semi-volcanoes,  424. 
Senarmont,    his    preparation    of 

artificial  minerals,  204. 
Seneca  on  volcanoes,  226. 
Sesaya,  volcano  of,  395. 
Shasty  mountains,  basaltic  lavas 

foimd  in  the,  416. 
Siebengebix^,   trachyte    of   the, 

237 ;  geological  topography,  454. 
Siebold  on  the  volcanoes  of  Japan, 

373. 
Sierra  Madre,  erroneous  notions 

regarding  the,  405,  410 ;   east 

and  west  chains,  410. 
Silla  Veluda,  volcano  of,  289. 
Silurian  and  Lower  Silurian  for- 
mations, eruptive  trap  masses 

of  the,  350,  483. 
Silver  in  sea-water,  its  presence 

how  manifested,  440. 
Sitka  or  Baranow,  43,  269. 
Smyth,  Capt.,  on  the  Columbretes, 

360 ;    determination    of     the 

height  of  Etna,  249. 
Society  Islands,  the  geology  of, 

recommended  for  investigation, 

399. 
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Soconneoo,  the  great  Toleano  of, 
277. 

SofBoni,  the,  of  Tuscany,  211. 

Soil,  frozen,  in  Northern  Asia,  42 ; 
its  geographical  extension,  47. 

Solfatara,  the  term  inapplicable 
to  the  crater  of  Kilauea,  392. 

Solo  islands,  character  of  the,  378. 

Solomon's  islands.    See  Setarga, 

Soufri^re  de  la  Guadeloupe,  the, 
described,  423. 

South  Pacific  Ocean,  great  num- 
ber of  volcanoes  of  the,  431. 

South  Sea,  volcanoes  of  the,  388  ; 
its  islands  incorrectly  described 

-  as  scattered,  389 ;  the  term 
"  Grand  Ocean"  objected  to, 
404. 

Southern  Asia,  volcanoes  of  the 
islands  of,  377. 

Spain,  extinct  volcanoes  of, 
433. 

Spartacus  and  his  gladiators,  their 
encampment  on  Vesuvius,  427. 

Special  results  of  observation  in 
the  domain  of  telluric  pheno- 
mena^ 1. 

Springs,  rise  of  temperature  in, 
during  earthquakes,  175;  diffi- 
culty of  classifying  into  hot  and 
cold,  185 ;  method  proposed, 
185;  considerations  on  tempe- 
rature, 187;  heights  at  which 
they  are  found,  190;  boiling 
springs  rare,  197;  the  Geysirs 
and  Strokkr,  198;  gases,  01; 
Hallmann's  classification^  205; 
vapour  and  gas  springs,  salses, 
207. 

Stokes,  on  the  density  of  the 
earth,  vii. 

Stone  streams  distinguished  from 
lava  streams,  306. 

Strabo,  on  the  figure  of  the  earth, 
27 ;  on  lava,  226 ;  on  a  double 
mode  of  production  of  islands, 
265. 

Strokkr,  the,  of  Iceland,  described, 
199. 

Stromboli,    description    of,   256; 


periods  of  its  greatest  activity 
257. 

Strongyle,  described  by  Polybius, 
257. 

Strzelecki,  Count,  on  the  basin  of 
Kilauea,  393. 

Styx,  the  waters  of,  203 ;  visits  to 
their  source,  203. 

Submarine  volcano,''presunled,  in 
the  Atlantic  Ocean,  353;  one 
observed  in  the  Pacific  near 
Chiloe,  288. 

Subterranean  noises,  178  ;  at- 
tempts to  determine  the  rate  of 
their  transmission,  179. 

Sulphur  Island,  described  by  Cap- 
tain Basil  Hall,  377. 

Sulphuretted  hydrogen,  question 
as  to  its  existence  in  certain 
fumaroles,  425. 

Sumatra,  the  Giava  Minore  of 
Marco  Polo,  379. 

Sumbava,  violent  eruption  of  the 
volcano  of,  381. 

Sim,  magnetism  of  the,  85. 

Sunda  islands,  volcanoes  of  the, 
380,  381. 

Swalahos,  Mount,  an  extinct  vol- 
cano, 417. 

Taal,  active  volcano  of,  its  sin- 
gular position,  243;  small  ele- 
vation, 244. 

Table-land  of  South  America,  of 
Mexico,  and  Thibet,  406;  list 
of  elevations,  408. 

Tacora,  Volcan  de,  286. 

Tafua,  the  peak  of,  398. 

Tahiti,  the  geology  of,  recom- 
mended for  investigation,  399. 

Tajamulco,  the  volcano  of,  277. 

Taman,  mud  volcanoes  of  the  pen- 
insula of,  217. 

Taranaki,  a  volcano  in  Kew  Zea- 
land, 397. 

Taurus,  elongated,  the  Thian-shan, 
including  3ie  Himalayas,  known 
as  the,  to  the  Greeks,  434. 

Tazenat,  Gbiiffre  de,  an  extinct 
volcano,  238. 
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Telica,  Volean  de,  deseribed,  274. 

Telluric  phenomena^  special  re- 
sults of  obserration  in  the  do- 
maixi  of,  1. 

Temboro,  a  yolcano,  its  violent 
eruption,  in  1815,  381. 

Temperature,  invariable,  stratum 
of,  39;  mean  annual,  how  de- 
tomined  in  the  tropics,  40; 
observations  of,  in  Mexico  and 
Peru,  by  Humboldt^  41 ;  frozen 
soil  in  Northern  Asia,  42; 
Schagin's  shafts  43.  See  Interior 
of  tke  Earth. 

Temperature,  rise  of,  in  springs, 
during  earthquakes,  175. 

Teneriffe,  the  felspar  of  the  tra- 
chytes of,  457 ;  notice  of  an  erup- 
tions on,  by  ColumSuSy  477. 

Temate,  violent  eruptions  and 
lava  streams  in,  381. 

Tertiary  formations  in  Java,  298. 

Thermal  springs,  their  connexion 
with  earthquakes,  177. 

Thian-schan,  the  volcanic  moun- 
'  tain  chain  of,  358;  peculiarity 
of  the  position  of  the  volcano, 
433;  the  chain  known  to  the 
Greeks  as  the  elongated  Taurus, 
434. 

Thibet,  hot  springs  of,  197;  gey- 
sir,  199. 

Tierra  del  Fu^go,  volcanoes  of, 
296. 

Timor,  Pic  of,  formerly  an  ever- 
active  volcano,  382. 

Tollo,  the  pumice  hill  of,  481. 

Tonga  Islands,  active  volcanoes  of 
the,  394. 

Toronto,  magnetic  observations 
at,  100. 

Trachyte,  origin  of  the  word,  450; 
frequently  used  in  too  confined 
a  sense,  452;  further  remarks, 
468. 

Tractus  chalyboeliticos,  what,  59. 

Translatory  movements  in  earth- 
quakes, 173. 

Trap,  masses  of.  Sir  R.  Mmrohison 
on,  350,  483. 


Trass,  formation,  236. 

Trincheras,  hot  springs  of,  197. 

Tristan  da  Cunha,  a  volcanic 
island,  353. 

Tshashtl  mountains,  basaltic  lavas 
of  the,  416. 

Tucapel,  vdcano  of,  289. 

Tupungato,  measurement  of  the 
peak  of,  289. 

Turbaco,  the  Yolcancitos  of,  213. 

Tuscan  Maremma,  volcanic  pheno- 
mena of  the,  211. 

Typhon,  fable  of,  266. 

Umnaok,  volcanic  island  o^  230. 

Unalavquen,  volcano  of,  290. 

Under  currents  of  cold  water  in 
the  tropics,  194. 

United  States'  scientific  expedi- 
tions, benefits  to  natural  history 
from  the,  404. 

Uvillas  or  Unnas,  Volean  de,  286. 

Val  del  Bove.  on  Etna,  remakable 
inference  regarding,  225. 

Valleys  of  elevation,  what,  201. 

Vancouver,  Mount,  417. 

Vi^ur  and  gas  springs,  222. 

Variation  charts,  their  early  date, 
54. 

Vegetation,  limit  of.  in  Northern 
Asia,  48. 

Vesuvius,  phenomena  of  an  erup- 
tion of,  as  observed  by  Hum- 
boldt, 181;  barometrical  mea- 
surements by  the  same,  217; 
lengthened  series  of  eruptions 
of,  426;  described  by  Strabo, 
426;  by  Die  Cassius,  427;  by 
Diodorus  Siculus,  428 ;  by 
Vitruvius,  428 ;  difference  of 
constitution  of  the  old  and  the 
recent  lavas,  477 ;  encampment 
of  Spartacus  and  his  gladiators 
on,  427. 

Vesuvius,  valley  furrows  on  the 
ma«tle  of  the  Somma  of,  305. 

Vidua,  Coimt   Carlo,   his  melan- 
choly death,  381.' 

Vilcanoto,  peak  of,  296. 
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Villarica,  Volcan  de,  290. 

Vincent,  St,  the  volcano  of,  422. 

Vmcent  of  Beauvais,  hia  mention 
of  the  magnetic  needle,  53. 

Yirgenes,  las,  extinct  volcanoes  in 
Old  California,  416. 

Vitruvius,  notice  of  Vesuvius  by, 
428. 

Vivarais,  extinct  volcanoes  of  the, 
278. 

Volcan  Viejo,  a  crater  in  Southern 
Peru,  286. 

Volcancitos  of  Turbaco,  described, 
213. 

Volcanic  districts,  different  aspects 
presented  by,  224. 

Volcanic  islands  in  the  South 
Atlantic  Ocean,  3.53. 

Volcanic  reaction,  bands  of,  176. 

Volcano,  what  intended  under  the 
term,  by  Humboldt,  287. 

Volcano,  the  island  styled  "the 
holy  isle  of  Hephsestos,"  257. 

Volcanoes,  considered  according 
to  the  difference  of  their  forma- 
tion and  activity,  224 ;  definite 
language  of  modem  science, 
228 ,  number  of,  on  the  earth, 
421 ;  their  great  number  in  the 
Eastern  Archipelago,  379 ;  hyp- 
Bometry  of,  246  ;  linear  arrange- 
ment of,  268;  table  of  dif- 
ferences in  structure  and  colour 
of  the  mass  in  certain,  463 ;  the 
Mexican  system,  279 ;  sequence, 
latitude,  and  elevation,  281 ; 
particulars  of  the  five  groups  of, 
in  the   New    Continent,    285 ; 


list  of  active,  277 ;  geography  of 
active,  examined,  349 ;  geogi'a- 
phical  distribution  of,  430;  open 
in  historical  periods,  list  of,  35 1 ; 
semi-volcanoes,  424. 

Volcanoes  of  the  moon,  448. 

VulcMiicity,  definition  of,  163. 

Wales,    volcanic    phenomena   in, 

850. 
Walferdin  on  Artesian  wells,  35, 
Waltershausen,    his    classification 

of   the  volcanoes    of   Iceland, 

351 ;  remarks  on  the  period  of 

recurrence     of    eruptions     in 

various  volcanoes,  255,  on  the 

trachytes  of  Etna,  465. 
Wilkes,    Captain,  commander  of 

the  American  expedition,  105, 

388. 
Wislizenus,    positions  in  North- 

West  America  ascertained  by, 

408. 
Wisse,  his    observations    of   the 

eruptions    of    the    volcano    of 

Sangai,  182;  264;  his  visit  to 

Pichincha,  242. 

Yana-XJrcu,  a  volcanic  hill,  193. 
Yanteles  (Yntales),    volcano    of, 
290. 

Zapatera,    extinct  crater   of  the 

island,  273. 
Zoh/ron,  the  southern  pole  di  the 

magnetic  needle,  53. 
Zone  of  volcanic  activity,  176. 
Zuni,  petrified  forest  near,  414. 
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SALLUST,  FLORUS,  and  VELLEIUS  PATERCULUS,  with  copious  Notes,  Bb- 
gnpUical  Koticea,  and  Index,  by  the  &ev.  J.  S.  Watson,  MA. 
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